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Abstract 


A two-part interpretation Techniques Development Study of Skylab 
multi spectra I imagery was conducted. 

Tiie first part of the study resulted in photographic procedures 
for making multispectral positive images which greatly enhance the color 
differences in land detail using an additive color-* viewer. An additive 
color analysis of the geologic features near Willcox, Arizona, using 
enhanced black-and-white multispectral positives allowed compilation of 
a significant number of unmapped geologic units which do not appear on 
geologic maps of the area. Factors of correspondence were developed 
which, at wavelengths from 400 to 1100 nm, related Skylab S— 1 9 1 spectro- 
meter data to in situ ground spectral measurements. The numerical value 
of these factors of correspondence depends on the atmospheric optical 
depth. 


Tie second part of the study demonstrated the feasibility of 
utilizing Skylab remote sensor data to monitor and manage the coastal 
environment by relating physical, chemical, and biological ship sampled 
data to S-I90A, S-J90B, and S-192 image characteristics. Photographic 
reprocessing techniques were developed which greatly enhanced subtle 
low brightness water detail. Using these photographic contrast-stretch 
techniques, two water masses having an extinction coefficient difference 
of only 0.07 measured simultaneously with the acquisition of S-J90A data 
were readily differentiated. By digitizing S-I90A multispectral imagery 
in registration, the non -homogeneous vertical stratification of Black 
Island Sound waters with differences in suspended solids of one milli- 
gram per liter were detected. Significant differences between conventional 
tidal current charts and the actua I patterns of water flow in Long Island 
Sound were established. The existence of two large counter-clockwise 
gyres heretofore undetected, were verified using S-I90B color imagery. 
Digital analysis of S-I9QA multispectral negatives and subsequent single 
and multiple image classification of Block island Sound waters demonstrated 
that complex sub-surface mixing patterns could be detected from S-I90A 
image brightness characteristics. The average extinction coefficient for 
white light was measured by ship in Block Island Sound to be 0.335, with 
a value of 0.400 for the blue band and 0,554 for the red band extinction 
coefficients. Under these optica I water characteristics, surface, sub- 
surface water non-homogeneities can be charted and estimates of suspended 
particles over 5 microns in size can be made. 
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Section I 


Introduction 

This report presents the results of a two-part Interpretation 
Techniques Development Study to: 

— Part A: Quantitatively relate photographic characteristics 

of Skyiab mul tispectra! photography and spectrometer data to 
measurements of the reflectance of ground objects, 

-- Part B: Determine the feasibility of uti I izing Skyiab remote 

sensor data to monitor and manage the coastal environment. 

Part A 

A quantitative analysis of the characteristics of S-I90A multi- 
spectral photography was performed at the outset to establish optimum 
procedure for printing black-and-white multispectral photographic posi- 
tives of semi-arid desert-like terrain, A procedure was developed which, 
when used to print positive transparencies from NASA release Skyiab multi- 
spectral negatives, produced excellent composite color images when pro- 
jected on an additive color viewer screen. An extensive qualitative 
interpretation analysis was performed using an additive color viewer 
and the reprocessed positive images. The purpose was to examine spectral 
reflectance image characteristics of a large and relatively homogeneous 
ground object exempl if led by the Will cox Playa. 

The principal area of interest in this study, the Willcox Playa, 
is a large, dry lake located in southeastern Arizona, The central part of 
the playa has a hard and compact crust. The outer areas of the playa 
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contain soft, dry, and porous surfaces which become flooded during the 
infrequent rains. 

Reflectance spectra were taken in situ on the playa prior to the 
launch of Skylab and during 1973. These latter measurements were made at 
twelve sample stations in the playa and correlated with soil moisture 
measurements simultaneously taken. 

in order to quantitatively examine image density characteristics, 

\ 

digital image processing procedures were developed using TV digitization 
of the images In registration, storage in a PDP-11 computer disc, image 
processing, statistical analysis, and display programs. 

Using this digital image processing system, a spectral analysis 
of the reflectance characteristics of the Willcox Playa were performed. 
Near simultaneous underflight muitispectral Imagery was also analyzed. 

The relative effect of the atmosphere in each of the four spectral bands 
was measured. The statistics of the relative screen brightness range in 
each of the four S-190A muitispectral images were established for desert 
areas and a procedure was developed to correct for atmospheric effects in 
each of the four bands. 

Part B 

An Interdisci pi inary project to demonstrate the feasibility of 
utilizing satellite imagery for oceanographic studies was conducted. The 
project v/as undertaken jointly by Long Island University and the New York 


NL 
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Ocean Science Laboratory as a continuing effort related to an on-going 
program to study Block Island Sound and adjacent New York coastal waters. 

A base line study of the characteristics of Block Island Sound and New 
York Bight was made in order to construct a background of data within 
which to place the specific data collected at the sampling stations during 
the pass of Skylab. 

The fundamental problem in oceanography is sampling and, in 
particular, synoptic sampling analogous to the sampling programs in 
meteorology, it is, however, economically impossible to operate ships 
on an adequate scale to cover the needs of not only the oceans but, more 
importantly, the coastal zones and estuaries. Currently, the placing of 
buoys equipped with adequate transducers to provide the required informa- 
tion is also problematical from both an engineering and economic stand- 
point. Satellite imagery, however, provides the synoptic overview of an 
area that forms the basis for further monitoring. 

The program to acquire oceanographic "base I ine data" in Blockisland 
Sound and New York Bight areas was conducted by the New York Ocean Science 
Laboratory, Twenty-four cruises were made to collect water samples at 
different stations for temperature, salinity, nutrients, oxygen, pigments, 
organics, phytoplankton, and particle size determinations. 

Photographic reprocessing techniques were developed which, when 
applied to any of the Skylab S- 1 90A multispectra I photography supplied to 
investigators, wi 1 1 yield greatly improved detectability of subtle water 
and land phenomena. These techniques have been related to the calibration 
gray scale supplied with the imagery in order to provide quantified data 
on the photographic transformations applied, Appl l cat ion of these 
techniques to the S- 1 90A multispectra I photography taken of Block Island 
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Sound and tew York Bight formed the basis for subsequent additive color 
and digital image analysis. 

S-I90A multi spectral photography and S-192 scanner data were used 
in this analysis. Additive color analyses were performed to extract 
information regarding the location, source, and dispersion of the Shagwong 
Reef plume. In addition, digital image analysis was undertaken to quan- 
titatively examine image density characteristics of the S-I90A multi- 
spectral photography of northern Block Island Sound and Long Island Sound. 

Block Island Sound 

Block Island Sound is a partly enclosed body of water between Rhode 
Island and Long Island, New York, separating the waters of Long island 
Sound (and also the Peconic Bay system) from the coastal waters of the 
Atlantic Ocean. Figure I shows the chart of Block Island Sound and station 



Figure !. Chart of Block Island Sound showing transects and station locations, 
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locations where the water samples were collected on twenty cruises between 
24 August 1972 and 19 June 1973 during the baseline data compilation 
program* Block island Sound has a surface area of approximately 1350 
square kilometers and is bounded on the north by Rhode Island by Long 
Island, New York, to the south. The mean depth in Block Island Sound Is 
approximately 40 meters and has a total volume in excess of 54 x to 3 cubic 
meters (1.9 million gallons). 

The deepest depression in the sound is close to 100 meters. The 
head of Block Canyon intrudes into Block Island Sound between Montuak 
Point on Long Island and Block island, having a maximum depth in this 
area of approximately 70 meters. An excellent review of the oceanography 
of Block Island Sound was presented by Williams (1967). A typical set of 
four positive S-I90A images over Block Island Sound acquired on 19 Sept. 
1973 is shown in Figure 2 on the following page. 

New York Bight 

New York Bight covers approximately 48 x I0 3 square kilometers / 

* ' / 

with an average depth of about 60 meters. Long Island bounds the area td 
the north and the New Jersey coast to the west. The entrance to New York 
Harbor is at the apex of the northern and western boundaries and is the 
major outfall for the area. The outer boundary is approximately def I ned 
by the I 00 fathom curve. 

Figure 3 shows a chart of the New York Bight and the locations of 
stations at which the water samples were collected during the baseline data 
compilation of four cruises between 2i September 1972 and I June/1973, A 

j 

variety of municipal and industrial wastes are disposed of by barge dumping 






Filter BB - 600-700 nm 


Figure 2. Four Skylab-3 S-I90A mu I ti spectra I photographic 
Island Sound obtained on 19 September 1973. 
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Figure 3, Chart of New York Bight showing station locations. 


in the waters of the Bight, including sewage sludge and acid wastes. The 
flow and fate of these inputs into the area is not yet completely known. 

The total volume of New York Bight is approximately 29 x I0 9 cubic 
meters. The general topography is broad and almost flat with the exception 
of Hudson Canyon, which runs generally northwest-southeast and cleaves the 
shelf from the 1000 fathom curve to the entrance to New York Harbor at the 
apex of the Bight. A general review of the oceanography of the New York 
Bight can be found in a publication by Hollman (1971), Figure 4 shows 
a set of positive photographs in the four bands imaged by Skylab-3 over 
New York Bight on 12 September 1973. 





The Water Sampling Baseline Data Compilation Program 

Two transects were followed in the tew York Bight. The first 
transect runs parallel to the shore of Long Island from Montauk Point to 
Rockaway Inlet and comprises eight stations, as shown in Figure 3. These 
stations are sampled once on the day spent in transect from Montauk to 
Rockaway and are repeated two days later on the return transect. The 
second transect is a large arc sweeping through the apex of the New York 
Bight and comprises nine stations, so that all of the various dump-site 
positions (as, provided by the U.S. Army Corps of Engineers, personal 
communications) are included in the transect (Table I). Continuous surface 
profiles of temperature and pigments were obtained whenever the vessel was 
underway between the stations. 

Three transects of Block Island Sound were selected, as shown in 
Figure I, where large color differences in water masses were expected on 
the basis of previous sampling programs. The exact locations of the sta- 
tions that each transect comprises are tabulated in Table 2, Each transect 
was occupied by continually sailing back and forth during a tidal cycle 
and sampling at up to six depths at each station. The water was collected 
in five-liter Nskin bottles for chemical and biological analysis. 

This general sampling program was later modified slightly to allow 
for continuous flow f I uorometer prof i i i ng throughout Block Island Sound 
on the day prior to the satellite overpass. Surface samples were also 
drawn for chemical and biological analysis. With this modified program, 
one in-depth sampling of the "H” transect was conducted during the day of 
surface profiling and the other two transects sampled in-depth on the 
fol lowi ng day. 
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Latitude 


41*04.6 'N 
4Cf54;5*N 
40*49.O'N 
40"44.0'N 
40*39.2'N 
40*34.4'N 
40*31.0'N 
40*29. 5'N 
40°32.4'N 
40°30.5'N 
40*29.2' N 
40*25.1'N 
40*24.4'N 
40*23. 0'N 
40*25.5'N 
40°30.0'N 
40”33.8'N 


Longitude 


71‘49.0'W 
72’01.5'W 
72*1 8. 5' W 
72*33.6'W 
72°48.5'W 
73*04 .0'W 
73°13.5'W 
73*34. S' W 
73°56.6'W 
73“58.0'W 
73°59.6'W 
73*56.0'W 
73*51. 3' W 
73°48.2'W 
73*45. 0'W 
73*44.0'W 
73*48.6'N 


Table I, Station locations in New York Bight, 


Transect 

Station 

“H” 

HI 

H2 

H3 


H4 

“HB” 

HB1 

• HB2 

HB3 

i 

HB4 

HB5 

“BR” 

BR1 

BR2 


BR3 


Latitude 

(North) 

41*06.8' 

41*10.4' 

41*13.8' 

41*16.5' 

41*04.8' 

41*05.8' 

41*06.7' 

41*07.5' 

41*08.4' 

41*15.7' 

41*18.0' 

41*20.8' 


Longitude 
(West) ' 

71*51.5' 


71*49.4' 

,71*46.3' 

7T43.3' 

71*40.2* 

71*37.3' 

71*34.8' 

71*33.0' 

71*30.5' 


Table 2. Station locations In Block Island Sound. 
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Parameters Sampled 

The parameters sampled for Include temperature, salinity, nutrients, 
oxygen, pigments, organics, phytoplankton, light attenuation, particle size 
determinations, and fluorometer readings. 

Temperatures were measured with bathythermographs and thermometers. 
Light attenuation values were obtained with an Irradiance meter consisting 
of a photo-cell and various glass filters. Fluorometer readings were 
obtained with a Turner fluorometer using a continuous flow door. These 
three parameters were measured in situ. 

Water samples for chemical and biological analysis were collected 
in five-liter Niskin bottles. 

Salinities were obtained using a laboratory conductivity cell 
(Beckman Model RS-7), oxygen, chlorophylls, and nutrients, using the 
methods as described In Strickland and Parsons (1968). 

Particle size determinations were performed with a Coulter Counter, 
Model B. 

Techniques and Equipment Used in Image Analysis 

Additive Color Analysis of Skvlab Imaqerv 

S- I 90A photographic data products were analyzed using additive 
color viewing analysis techniques. Tie procedures used, with appropriate 
instrumentation and significant theories, are described in the subsequent 
paragraphs. 

Spectral Data Model 70 viewer, shown in Figure 5, was an essential 
Instrument for use in the Interpretation and analysis of Skylab S-I90A 
multispectra I photography. The device produces a single color presenta- 
tion for the spatially calibrated photos by projecting the image of one 



Figure 5. Spectral DA+a Model 70 viewer used for additive color analysis 
of S-I90A multi spectra I photography. 

photo on top of the other using different color light sources. Tiis 
technique of analysis permits a scientist to select a set of bands and 
to interpret within results from a single color presentation. In addition 
a mu I ti spectra I viewer provides the scientist with the capability of 
altering the color of the presentation in order to enhance the particular 
relationships he may be seeking. Fundamentally, the mu 1 1 i spectra I tech- 
nique allows one to create a color presentation specifically for the 
purpose of his discipline and interests. 

In order to quantitatively evaluate mul ti spectral color images, 
color must be colorimetrical ly defined as that conscious sensation which 
is exhibited when light of a specific spectral energy distribution enters 
the eye. It has been experimentally shown that differences in this energy 


distribution cause variations in the observed response of the eye and may 
be described in terms of three distinct psychophysical variables. Tie 
first is hue which is basically that quality of color which leads to the 
definition of an object as being red, green, yel low, etc. Saturation, 
the second quality of color, is described as the amount of white in a 
given hue. it may be also considered as the concentration of the color. 

For instance, it is the difference between red and pink. As the amount 
of saturation in a color decreases, It approaches pure white. Brightness, 
which Is the third variable of color. Is described as the amount of visible 
energy contained in a certain hue which is saturated to a specific value. 

Digital Image Processing Equipment and Ichntques 

A digital analysis of the S-I90A photographic Imagery was performed. 
Tie purpose v/as to make a statistical analysis of Skylab photographic data 
in order to determine the spectral and temporal variations of the Image 
characteristics, as well as to devise procedures for classification of 
terrain and water features. 

The equipment used for this purpose was a Spatial Data "System 800", 
fits device, shown in Figure 6, is described in some detail in Appendix G « 
. Ti is system for digitizing and analyzing multispectral photographs 
operates as follows: 

— Four multispectral black-and-white transparencies are placed 
on a light box. These photographs are digitized in registra- 
tion one at a time by a. TP camera. .Tie transmitted brightness 
(e.g., the density) of each multispectral photograph is digi- 
tized into 8-bit binary numbers (256 density levels) In a 
5(2 x 576 point matrix. 


Figure 6. The "System 800" digital processing equipment for S-I90A 
mu I ti spectral photographs. 


Tie 512 x 576 x 8-bit digitized image from each multispectra I 
photograph is stored on the disc of a PDP-ll/E-04 computer. 

— A series of programs are used to process the images. For 
instance, addition, subtraction, multiplication, and division 
of any combination of the four mu I ti spectra I photographs is 
accomplished by the computer and a serie_ of programs. A 
description of these programs Is Included in subsequent 
paragraphs. 

— A digital disc is used to store the processed image and to 
display it on a color TV monitor. Tie display is in eight 



colors. A Decwriter also produces hard copy of statistical 
results and of operating program sequence, 

A description of the "System 800 n programs J s as follows: 

— MARKER: Reads, saves, and generates joystick- Indicated 

fiducial marks for multiple-picture registration. 

— DIG I T: Digitizes a video picture into a named computer 

disc picture file, 

— HIS "DR: Generates a line histogram on a black-and-white 

monitor displaying the gray scale distribution of a given 
multi spectra I picture and accepts joystick inputs to 
partition the gray scale for DISPLAY. 

— DISPLAY: Copies a picture from computer disc to the data 
disc using slice values from HIS (PR or a uniform default 
partition, 

— AREA; Outputs eight numbers corresponding to the per- 
centages of the full picture of each color on the color 

. Tl display. 

— ADDER; Sets Cpicture 2] - C(picture I )+(picture 2)3/2, 
where pictures I and 2 are named computer disc picture fi I es 

— NEGATE: Produces the compliment of a given picture, 

— ON TEX: Performs a contrast expansion of a given picture 

within variable limits. 

— SHIFT: Replaces a picture by itself shifted any number 

of pixels up, down, left, or right, 

— GRID: Generates a variable spaced whlte-on-black grid 

on the color TV display. 


X 


. DIACDN: Performs various exercising, diagnostic, and display 

functions under keyboard control. 

Eight-bit digitization was selected in order to divide the density 
range of the photographs into 256 levels. Tie scanner used for digitiza- 
tion used a special vidicon-type television camera tube and special circuits 
to accurately sense the light emitted by the image to be digitized. A 
light image of the object is produced on the photo-sensitive face of the 
camera tube by an optical system containing an ordinary camera lens. 
Brightness at any point on the image is a function of an X and Y coor- 
dinate position on the tube face. Image brightness is then defined as a 
third dimension, Z. 

. "he brightness, or 2-value, is converted into an electrical voltage 
(video signal) by repeatedly scanning the image with an exploring spot 
formed by the electron beam of the camera tube. . His spot generates an 
electrical video signal which indicates the brightness at its instantaneous 
position. The video signal is transmitted through a video amplifier to 
the TV display, where it controls the brightness of a reproducing spot 
formed by the CRT electron beam. . Tie reproducing spot moves over the 
viewing screen in a path similar to, and synchronous with, the exploring 
spot. Tie reproducing spot reconstructs the brightness distribution in the 
image area, both in magnitude (Z) and position (X-Y) and thus generates a 
television picture of the object. 

. Tie scanner path covering the image area consists of a series of 
straight parallel lines. . Tie spot moves from left to right across each 
line at a constant speed and then returns to traverse the next line. 

The spot returns back to the top upon completion of the bottom line. 

During the horizontal and vertical retrace periods, the exploring and 



reproducing spots are disabled, or blanked so that the image itself is 
scanned only during the forward, left to right motion of the spots. 

In order to reduce flicker in the reproduced picture, the scanning 
lines are interlaced. That is, instead of moving across the horizontal 
lines in the sequence 0, I, 3, 4, the spot first covers the 

even-numbered lines (0, 2, 4, 478) and then the odd-numbered lines 

(I, 3, 5, , 479), The scanning beam completes two interlacing scanning 
patterns (fields) to cover the entire image or frame. Each field takes 
1/60 second to complete; the entire image is scanned 30 times a second. 



Television Scan Pattern 

A sync generator provides the signals for synchronizing the exploring 

* 

spot on the scanner and the reproducing spot on the display. Digital count- 
ing circuits divide each line Into 512 parts while counting the lines 
through each frame. Tie instantaneous digital values represent X and Y 
positions of the scanning spot. Tie X-Y addresses select 245, 76Q points 
or pixels in the picture; X-va lues range from 0 to 511, Y-values range 
from 0 to 479. Tie instantaneous voltage from the video amplifier represents 



This brightness value 


the brightness of the image at each X-Y position, 
is sampled and digitized under computer control. 

The X-Y registers store the desired pixel position. Tie registers 
are loaded from the computer and their contents are continuously compared 
with the spot position indicated by the digital counters. When the scan- 
ning spot reaches the stored X-Y address, i,e., the desired position, the 
address comparator issues a compare pulse to the sample control „ Commands 
from the computer to sample and digitize a pixel are received by the 
sample control through the controller. 

Tie video signal is processed and standardized prior to digitiza- 
tion by the signal conditioner which performs these functions. First, it 
corrects the signal to compensate for "shading", Ue„, changes in the 
sensitivity of the camera tube across the image plane. Second, it ampli- 
fies the signal, linearly or logarithmically, as selected by a front panel 
mode switch, to provide a standardized relation between image brightness 
and the digitized 2-value, Third, the signal conditioner adjusts the 
sensitivity and offset of the video signal so the digitized 2values cover 
the desired image brightness range, Tiese adjustments can be made manually 
via the front panel, or automatically by digital control data from the 
computer. The control data are stored in the set-up, the zero, and the 
range registers which together control the signal conditioner circuits 
through special digital-analog converters. The standard video is sampled 
and digitized into an 8-bit binary 2-value, The Z-value is stored in the 
. 2-register where it can be accessed by the computer through the controller. 
These features insure the accurate digitization of the Skyjab photographic 
images for subsequent computer analysis. 


Section 2 
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In Situ Spectral Reflectance Measurements 

and 

Analysis of S-I9I Spectrometer Data 

Spectral reflectance measurements were made in situ at VJiilcox 

Playa, Arizona, . Tie equipment, techniques, used, and significant data 

/ 

obtained are described herein, including the soil moisture data obtained 
at the playa. During the SL-2 Skylab mission, in situ measurements of 
solar radiation (450-1100 nm) were made at WIIIcox Playa, Arizona, in 
order to provide comparative cai ibration measurements for the S ff 91 
spectrometer. Specifically, a conversion was developed whereby the 
percent reflectance of ground objects (for a known atmosphere) could 
be establ ished. 

In situ ground spectral measurements consisted of incident solar 
radiation and optical depth, diffuse solar radiation and directional 
reflectance normal to the surface of the playa. 

Solar Radiation Calibration Measurements and Analyses 

IS00 (Instrument Specialties Company) spectroradiometer was 
used to measure direct, diffuse, and total solar radiation for a certain 
number of measurements of target reflectance from 400 to 1300 nm (nano- 
meters). This instrument uses a wedge- interference filter system with a 
!5 nm bandwidth over the 400- to 750 nm region and a 30 nm bandwidth over 
the 750 to 1300 nm region. Tie sensing element is a stable photodiode, 

A light Chopper system permits automatic zero and dark current adjustments 
160 times a second. The instrument uses a f iber optics probe with a 
diffuser mounted on the end, as the light gathering element. The diffuser 


Is made of Teflon and has a cosine response, 

"he total and diffuse solar radiation was measured by placing the 
diffuser face-up and level with respect to the ground. Diffuse solar 
radiation measurements were obtained by shading the diffuser from the 
direct solar beam. 

Tie target's directional reflectance (perpendicular to the surface 
of tie playa) was obtained by measuring the radiance from a calibrated 
"white" reflectance standard and then measuring the radiance from the 
surface. 

Direct incident solar radiation was measured using the I SCO spectro- 
radiometer to derive atmospheric optical depth, A collimator was attached 
over the diffuser collector to measure the direct incident solar beam. 

. Tie I SCO spectroradiometer was laboratory cal i bra ted using a ribbon 
filament tungsten type standard (traceable to NBS) lamp. Tils results in 
an absolute accuracy of ±4 percent on the 400 to 750 nm region, and a ±7 
percent absolute accuracy in the 750 to 1300 nm region. Although the instru- 
ment was calibrated in terms of wavelength at the factory p continuous 
checks are made by periodically placing a calibration filter in the light 
path. The data recorded using that instrument is repeatable to between 
one to three percent, depending upon wavelength and gain setting. 

Mea surements and Analyses of the Spectral Reflectance Data 

A definite haze layer existed over the playa area during the ear 1 y 
morning on 3 Jbne 1973, followed by a build-up of small, scattered cumulus 
clouds that caused intermittent shadow ?na of the playa. 
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Total Solar Radiation 

Tie absolute quantity of total solar radiation, near tbs tiros of 
overflight was measured and is shown in Figure 7. In order to assure that 
the total measurement was indeed representative of conditions, two sepa- 
rate measurements were made. 

Atmospheric Optical Depth 

Ground observations indicated a significant haze layer existing 
over Willcox Playa area during early morning, along with a build-up of 
cumulus clouds. The optical depth would therefore be unstable as the day 
progressed. The atmospheric optical depth, near the time of overpass, 
can be derived by 

In M 0 - InM 

T = ' _ . 

sec © 0 

where M Q is calculated from previous data, The results are shown in 
Figure 8 . 

Target Directional Reflectance 

The directional reflectance of the playa at station U2 (see page 39) 
was derived in the manner discussed above. Intermittent cloud shadows 
caused the directional reflectance measurements to be subject to some 
variability. The directional reflectance data is shown in Figure 9. 

Spectral Reflectance Measurements of Willcox Playa Prior to Skylah-2 

Willcox Playa, located in the southeastern part of Arizona, is a 

large dry lake which was clearly resolved on ERTS-I imagery and on Sky lab-2 
• • . ; ... . . . . 
multispectra I photography, it is bounded on the southeast and northeast 

by cultivated fields and coarser alluvial slopes to the west. Tie playa 







Optical Depth 









Directional Reflectance 






surface is fiat and periodic flooding serves as a levelling agent. 

Variations in sediment size and composition, as well as the availability 
of surface and ground water, produce a variety of landforms. The central 
region of the playa is hard, compact crust which has no micro-ret ief , 
except that created by mud shrinkage. The dry surface consists of mud 
polygons which are a light gray buff color. Soft, dry, and porous sur- 
faces are often salt-stained and lead to the sticky-wet areas found v/here 
the water table is near the surface. Tie soft puffy soils are usually a 
light brown color depending on the salt and moisture content. Tie piaya 
is dynamic and it changes In response to the surrounding terrain. Tie 
surface drainage on and adjacent to the dry lake changes as a function of 
the rainfall and a technique is necessary to monitor the dynamics of the 
area. Spectral reflectance measurements of the dry playa surface Indi- 
cate a surprising degree of uniformity. 

Prior to the launch of Skylab, measurements were made of the 
incident solar irradiance spectra at the Wiilcox Playa, Arizona. Simul- 
taneous spectroradiometric radiance measurements were obtained of the 
playa and large plowed and grass fields adjacent thereto. Tiese data 
were computer processed to provide relative percent directional reflec- 
tance data of homogeneous terrain objects large enough to be well resolved 
on the space imagery. 

Tie quantitative spectral analysis of so i Is, vegetation, and rocks 
requires that simultaneous and accurate measurements of incident and 
reflected radiation be made. Since the spectral energy relfected by an 
object varies with that which is incident upon it, the spectroradiometric 
measurement must be made at the same instant of time, “he arrangement 
of the instrumentation used to obtain simultaneous measurements of incident 
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and reflected radiation Is shown In Figure 10. "&o Instruments were 

required to obtain reflected radiance measurements due to photo- 
multiplier sensitivity limitations. 

A spectroradiometer, using a wedge interference filter system 
enabling the spectrum from 380-1250 nm to be continuously scanned*, was 
used to measure the spectral distribution of incident solar Irradiance. 

. lie instrument was equipped with a diffusing screen so that its direc- 
tional response was proportional to Lambert’s cosine law. "his technique 
of measuring incident irradiance was used since solar energy falls upon 
the earth's surface and is reflected into an entire hemisphere*, regardless 
of its original direction of propagation, Tue cosine response also 
eliminates the need for precise aiming to the instrument. 

Whereas a radiometer measures in units of energy rate Intensity 
such as microwatts per centimeter square, a spectroradiometer measures 
in units of energy rate intensity per bandwidth, such as microwatts per 
centimeter square per nanometer. Isis latter system of units is most 
meaningful for measurements of radiation since a graph of the spectral 
distribution of radiant intensity versus wavelength can be obtained. 

. "he area under such a curve can be made numerical ly and dimensionally 
equal to energy available in the spectral bands of the S-I90A multi- 
spectral photographic camera and S-I9I infrared spectrometer. The 
spectroradiometer used was capable of measuring from 0.01 to 1000 
microwatts per centimeter square per nanometer, . fiese values correspond 
roughly to illumination levels of 0.03 to 30,000 foot candles. 

"he calibration of the spectroradiometer was verified before and 
after the experiment, A spectral standard lamp, serially numbered and 



Figure |0. Arrangement of Instruments for measuring the spectral distri- 
bution of incident and reflected solar radiation in the 380-1250 nm region 
of the spectrum. 

calibrated against the National Bureau of Standards reference, was used. 
The lamp was of the ribbon filament tungsten type and had a nominal 
accuracy of plus or minus five percent relative to the NBS standard. 

The half bandwidth of the spectrorad iometer used to measure the 
incident illumination is approximately 15 nanometers in the 380-750 nm 
range and 30 nanometers in the 750-1250 nm range. Stray light response 
to unwanted wavelengths of 15 nm bandwidth and far from the wavelength 
of interest is usually in the order of 0.01 percent. 

The periodic calibration of the spectrorad iometer used for measur- 
ing incident sunlight allowed an accuracy of plus or minus seven percent 
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in the long waveleng+hs and plus or minus ten percent In the short wave- 
» * 

lengths of the spectrum. Most of this error, of course, comes from 
uncertainty in the secondary standard used. The relative accuracy of 
all points with respect to each other throughout the wavelength range 
measured Is approximately plus or minus three percent. 

The reflectance radiometer system allowed measurements of the average 

power of the solar radiation reflected by soils and vegetation in the 

Willcox Playa area. By means of a grating monochromator, these readings 

can be made at selected wavelengths over a bandwidth determined by the 

grating and slits, This Instrument basical ly consists of an optical 

system which I im its the entrance of energy to a twelve degree field, 

a monochromator grating to spectrally isolate the visible energy to a 
five nanometer half band pass, and the Infrared energy to a ten nanometer 

halfband, as well as detector heads to sense the magnitude of the Inci- 
dent energy. 

The ref lectance- spectroradlometer is designed so that light re- 
flected from an object passes through a diffuser system and is directed 
by the cot iective Jens Into the monochromator housing via the entrance 
silt. Calibration accuracy Is obtained when the light incident on the 
diffuser is Imaged on the entrance sift, completely filling the slit 
area with I Ight. A 1 col lective lens in the beam input optics In front 
of the monochromator entrance silt, collects the incident light which 
is properly matched with the diffuser to create a uniform illuminating 
bundle inside the monochromator housing. This bundle of light is then 
incident on a planed iffraction grating where it is angularly dlsper- 


sed according to wavelength. Each wavelength present In the source 
bundle reflects off the diffraction grating at a different angle. The 
grating can be rotated to direct any selected wavelength bundle onto 
the center of a concave mirror. The mirror collects the light and, 
with the help of. a quartz corrector lens, forms an image of the entrance 
slit on the exit slit. 

The visible range grating Is a 1350 groove per millimeter grating 
covering from 350-800 nanometers In the first order and is blazed at 
500 nanometers. The reciprocal I inear d Ispersfon is 6.4 nanometers per 
millimeter. The combination of grating and slits determines the dis- 
persion of the system. The effective widths of the visible grating was 
20 nanometers as determined by the entrance and exit si It widths are 

2,68 and I *.5 -mi I I (meters respectively. These particular grating widths 
were selected in order to obtain sufficient photomultiplier response 

when measuring targets of low reflected brightness. 

The visible spectroradiometer utilized a photo diode detector to 
produce a signal proportional to the Intensity of the light which strikes 
it. However, in order to obtain sufficient sensitivity in the infrared, 
a cooled photomultiplier detector must be used to produce an output 
signal which is of sufficient amplitude to allow significant results 
to be obtained. 

Readout was accompl I shed using a seif-ranging picoammeter. This 
device has the advantage of displaying digitally the detector current 
output of the spectrorad i ometers , Thus cal i bration-and dark current 
values can be readily obtained and monitored. In addition, no scale 
switching is required and readings can be obtained rapidly. 


In order to obtain accurate data, the spectroradloroeters were 
calibrated before and after the experiment. The calibration of the 
instrument can shift due to such factors as the collection of dust on 
the optical surfaces or a variety of other random factors. The elect- 
ronic circuitry of the instrument is very stable and maintains uniform 
response but, nevertheless, the accuracy of the instrument was verified. 

Data Analysis "fechniques: 

If a sufficient number of sets of independent measurements of 
incident and reflected radiation (at 27 points in the spectrum from 
350-1100 nm) are made and the readings averaged at each wavelength, it 
Is possible to make the Central Limit Theorem apply to the distribution 
of average reflectance values. Thus, 

2n= [liii !!£nJ00 

Vijl Vlj2 Yij3 n 

where; X|j|^ = the k th measurement of reflected radiation at wavelength 
I, object j. 

y I j k = +h e k th measurement of incident solar radiation at 
wavelength i, object j, 

Zjj = the average percent directional reflectance at wave length 
1, object j. 

n - number, of readings. 

By the Central Limit Theorem, the distribution of Zy will be approx- 
imately normal regardless of the distribution of, the individual values of 
and yijfc. This, of course, assumes that measurement errors are inde- 
pendent and randomly distributed. 
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A flow diagram of this computer program is shown in Figure ii 
Note: Computed for (I) each wavelength, and (2) each object* 
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Figure II. Flow diagram of percent directional reflectance readings. 


Computer 0 utput: 

. Tie computer output format of the computations performed on the 
incidence and reflectance spectra is shown in Figure 12. Associated 
with each wavelength (first column) is the instrument reading (second 
column) and corrected value of incident sunlight (third column) in 







microwatts per square centimeter. . "he reflectance measurements and 
associated corrected readings (which are determined by the standard 


lamp calibration) are shown in the fourth and fifth columns. 
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* - AVERAGE OF T'/O INSTRUMENT READINGS 


Figure |2. Computer output format of Incident and reflectance spectra. 

Tie percent directional reflectance value shown in the sixth column 
is the ratio of the value in the fifth column divided by that in the third 
column. Tie last column Is the value of a standard illumlnant times the 
percent reflectance. *hus, the actual power reflected by an object can be 
computed by knowing the incident radiation and the data in the sixth column 
of this output. 

- 32 - 



Figure 1-3 shows the associated computer ptot of percent direc- 
tional reflectance as a function of wavelength. This Is an example of 
the percent directional reflectance of grass obtained in situ. The 
chlorophyll reflection band at 550 nm and chlorophyll absorption band 
at 675 nm are clearly evident as is the mesophyll reflection above 
725 nm. 

Incident Solar Radiation; 

The Intensity and spectral distribution of solar radiation failing ' 

* 

upon the earth's surface varies with solar angle and atmospheric condi- 
tions. Measurement of the absolute amount of solar energy which strikes 
the terrain is important since all ground objects ref lect.d ifferent 
amounts of radiation in each spectral band which js in direct propor- 
tion to that which is incident. 

Theoretical analysis of solar illumination based upon air mass cal- 
culations and Raleigh scattering are of little practical value in pre- 
dicting the spectral distribution of solar energy which actually reaches 
the ground. This is primarily due to the existence of unknown amounts 
of Mie scattering and absorption In the atmosphere due-. to particles 
which are large compared to the wavelength of the. rad iation. 

Figure f4 demonstrates this condition. Spectroradiornetric readings 
of solar energy (both sunlight and diffuse skyt Ight) using a lambertlan 
detector were measured during a four day interval at Willcox,, Arizona. 
Spectraf intensity in microwatts per centimeter squared per nanometer 

*s 

from 380-1 200 nanometers Is shown for four of these measurements between 
I i 04 and 1515 MST on March 6, 1973. 
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Figure 13. Computer plot of percent directional reflectance as a function 
of wavelength. 
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Figure 14. Spectral distribution of solar radiation incident at the 
Will cox Playa test site at different times during the dav. 



Figure 13. Computer plot of percent directional reflectance as a function 
of wavelength. 
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Figure 14. Spectral distribution of solar radiation incident at the 
Wi I Icox Playa test site at different times during the day. 
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Figure 16. Percent directional reflectance of two locations on fhe 
Willcox Playa, Arizona. 

"he first feature clearly evident ‘rom this data is the large 
variation in intensity with wavelength as a function of tine (solar angle). 

The characteristic absorption band below 380 nanometers at 725 and 950 
nanometers is also clearly evident. 

"he percent directional reflectance of the Willcox Playa, Arizona, 
was obtained for two adjacent areas at the location shown in Figure 15. 
Simultaneous spectroradiometrlc measurements of incident global solar 
radiation were made alonq with measurements of the radiation reflected 
by the playa. 

Tie reflectance spectrorad iometers were oriented so as to prevent 
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any specular reflection from the playa surface from entering the input 
optics of the instrument. "he partly cloudy atmospheric conditions 
that existed required that extreme care and patience be used in making 
these measurements. 

"he incident and reflected spectroradiometric data were corrected 
and the percent directional reflectance calculated using the computer 
program discussed previously. 

"he percent directional reflectance data presented in Figure |6 
indicate considerable uniformity in the reflectivity of the playa 
surface. Although there appears to be slight brightness differ- 
ences between the two areas, the shape of the reflectance curves is 
quite s imi lar. 

Additional Reflectance Spectra of Willcox Playa 

The reflectance spectra of twelve locations in the Willcox Playa 
was obtained In the Fali of 1973. The precise locations recorded on two 
separate occasions are shown in Figure 18 . The appearance of the Playa 
from the roadway is shown in Figure 1 9 ; Figure 1 7 is a photograph of 
the Playa also looking eastward. 

The incident solar radiation falling on the Playa measured in micro 
watts per square centimeter per nanometer at 1022 PDT on 4 September 1973 
is shown in Figure 23. 
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Table 3 # lists the percent soil moisture at each location. The 


Figure |7. Willcox Playa, looking easr. 


The percent directional reflectance of the twelve locations on 


the Playa is shown in Figures 24 and 25. Considerable small I oca 


differences were found to exist about site I due to soil mois+ure 


variations and hence three sets of reflectance spectra were taken at 


this location. These variations in the apparent condition of the 


Playa are shown in the photographs in Figures 20 through 22 . 


soil samples were taken at the same time as was the reflectance spectra 
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Figure 19. Willcox Playa, viewed from road looking east. 


I Weight of Sample | Percent boil Moisture 


5.466 


3.708 


3.851 


4.288 


3.559 


3.428 

3.068 


4.590 


3.392 


3.663 
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Figure 20. Willcox Playa location IA, soil moisture 5.9 percent 
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Figure 21. Willcox Playa location 
IB, soil moisture 5.5 percent 


Figure 22. Willcox Playa location 
1C, soil moisture 67.7 percent 
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Fiqure 24. Percent directional reflectance at different locations in Willcox Plava on 4 Sept 
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The percent soil moisture data obtained were plotted against the 
percent reflectance at 650 nm and 950 nm shown below. 
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Figure 26* Percent reflectance at 650 nm vs. percent soil moisture. 
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As can be seen from the two graphs in Figures 26 and 27, soil 
moisture and percent reflectance at these two wavelengths are uncorro- 
lated on the Willcox Playa. 

Figure 28is a graph of the incident solar irradiance at the 
Willcox Playa measured in micro watts per square centimeter per nano- 
meter. The data was taken on 16 November 1973, at 1020 PDT, Nine of 
the twelve locations shown in Figure I8were recorded and the percent 
directional reflectance measured. These data are shown in Figures 29 
and 30. 

S-I9I Spectrometer Data 

"he desired reflectance information is difficult to obtain directly 
from the SI9I radiance measurements because these measurements are a func- 
tion of unknown solar and atmospheric parameters caused by the atmospheric 
column between the sensor and the target. Tie radiance measured by the 
S 1 9 1 infrared spectrometer from a given target, depends not only upon the 
absorption and scattering by the atmosphere between the target and the 
sensor. This atmospheric column attenuates the radiance reflected from 
the target to the sensor and adds to the radiance by backscatter of sun- 
I ight from the atmosphere. 

Spectral radiance measurements in watts/ (crrr-Ster-u ) were obtained 
by Skylab S i 9 f sensor over Willcox Playa on 3 line 1973. Ihis experiment 
was performed during EREP Pass 3, Ground T*ack 6 (Rev. 290/291) and the 
time of pass over the site was (9:26:27 GMT. 

"he Skylab SI9I visible/infrared spectrometer covers the visible, 
near- infrared, and thermal infrared regions of primary interest to earth 
resources. Tie data is recorded by the following six high-speed channels: 


1. "hernia! detector output for source radiance greater than 
reference radiance, designated Al. 

2. "hernia I detector output source radiance less than reference 
radiance, designated A6. 

3. Si detector output at high gain, designated A3. 

4. Si detector output at medium gain, designated A5. 

5. Si detector output at low gain plus PbS detector output, 

designated A2. 

6. Voltage proportional to filter wheel position, designated 
A4. 

"he voltage output of each detector is proportional to the difference 
between the radiance into the spectrometer aperture and radiance from the 
appropriate reference source - the temperature controlled black body in 
the thermal channel and the black chopper blade in tne short wavelength 
channel . 

In this report, only the radiance data recorded between 400 and 
1100 nm was examined. "he data is recorded by the short wavelength 
channels A3 and A5 for this part of the spectrum. Channel A3 contains 
the most accurate values until it saturates, then A5 should contain values 
accurately unti I A3 desaturates. 

Short wavelength radiance data from channels A3 and A5 at five 
different points in Willcox Playa is presentee in "feble 4, These five 
different sets of data were closest to the exact time of Skylab overpass, 

A graph of the average of these five sets of S-I9I data appear in Figure 
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19:26:24.59 

19:26:25.54 

19:26:25.54 

19:26:26.49 

19:26:26.49 

19:26:27.44 

19:26:27.44 

19:26:28.39 

19:26:28.39 

19:26:29.34 

i Wave Length 
(nm) 

mm 

Aperture Rad. 
I0- 2 Watts 
cm 2 -nm-Ster . 

Aperture Rad, 
I0- 2 Watts 
cm 2 -nm-Ster. 

Aperture Rad. 
10- 2 Watts 
cm 2 -nm-Ster . 

Aperture Rad, 
10- 2 Watts 
cm 2 -nm-Ster. 

400 

.361 

.393 

.379 

.375 

.377 

440 

.951 

1 .021 

1 .017 

1 .018 

.998 

480 

1 .478 

1 .495 

1 .513 

1 .488 

1 .500 

520 

1 .456 

1 .465 

1 .460 

1 .441 

1 .452 

560 

- 

- 

- 

- 

- 

600 

- 

- 

- 

- 


640 

- 

- 

- 

- 

- 

680 

• 

- 

- 

- 

- 

720 

1 .551 

1.551 

1.541 

1.540 

1 .543 

760 

1 .453 

1 .449 

1 .441 

1 .442 

1 .438 

800 

1 .477 

1 .457 

1.448 

1 .449 

1 .433 

840 

1.289 

1 .281 

1 .277 

1 .278 

1 .272 

880 

1 .1 17 

1 .098 

1.104 

1.105 

1 .099 

920 

.704 

.687 

.686 

.708 

.687 

960 

.462 

.464 

.458 

.462 

.460 

1000 

- 

- 

- 

- 
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Skylab Mission: 2 

Flight Date: 3 June 1973 

Site: Wi 1 1 cox Piaya 


EREP Pass: 


Ground Track: 

Time of Overpass: 


3 

6 

154: 19:26:27 GMT 


Table 4 . Five sets of radiance data ( S 1 9 1 ) over Willcox Piaya taken 
on 3 June 1973. 





Wavelength (nm) 


Figure 31. S-I9I spectrometer aperture radiance ( I 0" 2 watts/cm 2 /nm/ 
steradian) taken of Willcox Playa on 3 June 1973. 

A "factor of correspondence" to be applied to each of the S-I9I 
aperture radiance values shown in Table 4 (and in Figure 31 above) which 
would equate these data to the radiance of the playa simultaneously 
measured on the ground was computed. These data are listed in "bble 5 
and have been graphed in Figure 32. 

It must, of course, be clearly understood that these "factors of 
correspondence" apply only to the atmospheric optical conditions which 
existed at the time the data was taken, "hese conditions are quantitatively 
described by the optical depth depicted in Figure 8. 






Table 5. Calculation of factors of correspondence between S-I9I aperture radiance 
and radiance of the Wi I Icox Playa, 3 Jbne 1973. 
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Section 1 

Digital Image Processing of S-I90A Multispectral Photoq aphy 
of the Will cox Playa, Arizona 


A digital analysis of Skylab S-I90A photographic data products 
was performed using the computerized "System 800". This system ji •• rizes 
multispectral photographic transparencies into the di c c o* rUP-ll 
computer; processes the data using a series of image analysis programs; 
displays the resultant d<_t?» on a color 1/ monitor and prints out the 
associated hard copy on a Decwriter. A description of the "System 800" 
is contained in Section I and in Appendix G. 

Analysis of Sky lab-2 S-I90A black-and-white multispectral imagery 
acquired on 3 JLine 1973 and aircraft under flight multispectral imagery of 
Willcox Playa, Arizona, were made. 


Willcox Playa Spectral Image Analysis 

Four Skylab-2 S-I90A black-and-white negatives (Frame No. 181), 
acquired on 3 JLine 1973, were analyzed using the "System 800". These 
images were taken in the following bands: 

Frame No, Band Pass 


06-183 

05-183 

01- 183 

02- 183 


500 to 600 nm 
600 to 700 nm 
700 to 800 nm 
800 to 900 nm 


These 
reg i strati on 


four black-and-white images were linearly digitized in 
using MARKER and DIG I T1 £ programs. In order that direct 
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comparison could be made, identical ranges were used for digitizing each 
of the four images invo 256 levels. The digitized gray levels in each 
photograph were then partitioned into eight (8) color-coded partitions 
and the percent of the total 294,912 pixels falling onto each partition 
was computed using HISTOGRAM and AREA programs. The resulting digital 
brightness distribution is shown in Table 6 below. 


D i g i t i zed 
Grey Levels 



5-IWX 

"Eteildr: 


Color 

Code 

500 to 
600 nm 

dob f o 
700 nm 

700 to 
800 nm 

800 to 
900 nm 

0-32 

Black 

2.30 

21 .46 

1 .58 

0.98 

33-64 

Red 

2.40 

32.20 

1 .66 

0.42 

65-96 

Green 

9.10 

29.78 

7.66 

1 .48 

97- 1 28 

Yel low 

12.02 

9.64 

30. 14 

4.72 

129-160 

Blue 

26.44 

3.02 

39.54 

18.28 

161-192 

Magenta 

26.28 

1.34 

16.98 

28.14 

1 93-224 

Cyan 

15.20 

0.78 

1.74 

29.50 

225-255 

White 

6.20 

1 .66 

0.62 

16.40 


Tota 1 s 

99.94 

99.88 

99.92 

99.92 


Table 6. Digital brightness percent area classification of Skylab 
S-I90A black-and-white mu 1 1 i spectra I images (Frame No. 181) of Wi I Icox 
Playa and vicinity acquired on 3 June 1973. 





A histogram has been graphed of the digitized brightness levels in 
each of the four spectral bands and is plotted in Figure 33. "feble 7 shows 
the expected value and standard deviation of the distribution of brightness 
in each of the four multi spectra I images. 

Positive reproductions of the four black-and-white multispectral 
negatives which were digitized in the linear mode are shown in Figure34 . 




i 
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500-600 nm Band 


600-700 nm Band 
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32 64 96 128 160 192 224 255 0 32 64 96 128 160 192 

Figure 33. Histogram of digital brightness percent area classification of Skylab S-I90A black-and-white 
multispectra I images (Frame No. 181) of Willcox Playa and vicinity acquired on 3 Jbne 1973. 


224 255 












600-700 nm Band 


. Sky lab-2 S-190 multi spectra I photography of Will cox PJaya 
taken on 3 Jbne 1973 (Frame fb. 181). 







I 



500 To 

600 nm 

600 To” 
700 nm 

700 To" “ 

800 nm 

' 800 to 
900 nm 

Sample Averaae, 

X 

153.1 

65.8 

132.9 

183.4 

Sample Standard 

Deviation, s 

50.0 

43.7 

35.1 

42.3 


Table 7 . Statistics of the brightness distribution of Sky«3b 
(Frame No. 181) of Wi I Icox Playa and vicinity acquired on 


The corresponding gray level partitions in each band are shown in Figure 35. 
From this latter figure one can see that the density range within the playa 
is greatest in the 500-600 nm band where it encompasses the range from 128 
to 224 and is least in the 600-700 nm band (192-255). Also shown in Figure 
35 is the average of the sum of the 500-600 nm band and the 800-900 nm band 
which resulted in a density range, exclusive of clouds and shadows, of from 
96 to 192. The average of these two bands provided the greatest range of 
brightness within the playa. 

In order to perform a more detailed analysis of the image of the 
playa itself, removing to the maximum extent possible terrain outside the 
boundary of this dry lake, frame no. 181 was magnified and digitized in 
the log mode. Table 8 lists, by S-190 band, the log brightness distribu- 
tion in all four bands. The resulting System 800 digital grouping of the 
log brightness of the playa in all four bands, as well as an average of the 
500-600 nm band and the 800-900 nm band, is shown in Figure 36. 

Atmospheric Effects in Desert Areas 


The relative effect of the atmosphere in each of the four spectral 
bands was analyzed using the S-190 mu I tispectra I imagery of Willcox Playa 



600-700 nm Band 


500-600 nm Band 








800-900 nm Band 


700-800 nm Band 


ORIGINAL PAGE IS 
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Average of the sum of 
the 500-600 nm band and 
the 800-900 nm band. 


Figure 35. System 800 digital gray level partitions of Skylab-2 S-190 
Frame No. 131 of Willcox Playa. 









700-800 nm Band 


800-900 nm Band 
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Average of 500-600 nm 
band and 800-900 nm band. 

f igure 3b. System 800 loq digital brightness qroups of an enlarqed portion 
of Sky|ab-2 S-190 frame 1 8 1 of Willcox Playa, 







Dig itized 
Grey Levels 

Color 

Code 

S-l 90 A fends 

500 to 
600 nm 

600 to 
700 nm 

700 to 
800 nm 

800 to 
900 nm 

0-32 

Black 

1.32 

5.00 

1 . 16 

1 .04 

33-64 

Red 

0.46 

29.90 

0.10 

0.12 

65-96 

Green 

5.46 

31 .84 

1 .06 

0.30 

97-128 

Yel low 

40.78 

23.80 

16,68 

1 .88 

129-160 

B! ue 

33.58 

6.08 

7o.38 

37.34 

161-192 

Magenta 

16.18 

1.76 

4.48 

58.28 

1 93-224 

Cyan 

2.08 

1 .38 

0.04 

0.96 

225-255 

White 

0.02 

0.14 

0 

0 


Tota 1 s 

99.88 

99.90 

99.90 

99.92 


Table 8. Digital Brightness percent area classification of image of 
Willcox Playa contained in S-I90A Sky lab Mu I ti spectra I Imagery Frame No. 181. 
(3 June 1973). 

acquired on 3 June 1973. Tie multispectral negatives of Frame No. 181 
were log digitized as described in the preceding paragraphs. The digitiza- 
tion range of all four of the negative S-190 photographic images of the 
playa was adjusted to give the same range for all four images in order to 
maintain a constant relative relationship of the eight digitization levels 
between the four spectral bands. 

Ten digital brightness measurements of clouds, cloud shadows, and 
the playa immediately adjacent to cloud shadows were made using HISUR 
program. The sketch in Figure 37 shows the relationship as it appeared 
from the ground and as it was recorded in the image. The mean (”) and 
standard deviation (s) are tabulated in Table 9. 



Spectra 

Bands 


ava 


x s 


500 to 
600 nm 

94.4 6.6 

187.6 6.9 

120.5 7.5 

MTT3 

700 nm 

60.6 11.8 

169.1 9.3 

6 r .u 9.4 

700 to 
800 nm 

120.4 6.8 

175.9 4.9 

137.7 4.2 

806 to 
900 nm 

144.6 4.3 

198.1 9.8 

166.7 4.8 


Table 9 . Statistics of atmospheric effects by cloud shadow measure- 
ments in Skylab S-190 mu I ti spectra I negatives taken on 3 June 1973. 
(Frame No. 181). 


Shadow 


x^Playa 

Locations of measurements 
in the image 


Image V iew 


Sun's Ray 


Cloud 



Ground View 


Figure 37,. Cloud shadow image formation in S-I90A negatives. 









"he complete printout of all measurements, the statistics of which 
are shown on the preceding page, is contained in Appendix D. The statistics 
in this table were computed from a sample of 10 (e.g., n = 10) random 
measurements of each of the three areas in each of the S-190 black-and-white 
negatives as follows: 

10 

M *' 

Sample Mean = x = 

10 

10 _ 10 

£ { x -x) 2 z x^-lOx 2 

Sample Standard Deviation = s = [ i = l D 1/,2 = £ ' = * jl/2 

9 9 


An analysis of the density of the images of clouds, shadows, and 
playa appearing in all four bands was performed and related to the film 
exposure data appearing in SL/2 sens i tometr i c data package. The step wedqes 
supplied for cross calibration of densitometers with the standard unit at 
J.S.C. could not be used due to excessive variation in the density for a 
given step. For instance, step no. II in wedge 10008 had a density ranqe 
of 1.26 to 1.51 depending upon the location on the step which was measured. 

The digital brightness data of Frame No. 181 negatives appearing in 
Table 6 were then transformed into relative exposure. These relative 
exposures are plotted with respect to the 800-900 nm band digital brightness 
in Figure 38. 

Comparison of S-I90A and Underflight Imagery 

The four S-I90A black-and-white mu 1 1 ispectra I negatives of Frame 
No. 181 were enlarged using the System 800 input "IV optics so that the 
north end of Willcox Playa was the only portion of the image which was 


- 64 - 


260 


o 
o 

pueg wu 006^008 - 8A i+ebeN ss9U4.g6jjg | e+ 1 6 j a 

Figure 38, Digital brightness of S-I90A bands compared to 800-900 nm band 
for clouds, terrain in sun, and terrain in shadow. 
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digitized. Each of the four bands was log digitized without varyinq the 
minimum or maximum video signal level. DIGIT, AREA, and HIS®R programs 
were run and the percent of the total area in each of eight digital levels 
was calculated as shown in "bble |0. 

Five digital image brightness measurements of the image of the 
norm part of the playa, adjacent to the railroad tracks, were made >n 
each of the four bands. The statistics associated with th**"-- cosurements 
are shown i n lab le 1 1 . 

Underflight AMPS imagery, acquired on 5 JLine 1973 at an altitude 
of 18,000 feet, covering the north end of Wi I Icox Playa was log diqitized 
and analyzed using the System 800. Digitization of the input was performed 
on all band; using the same minimum and maximum values of the video signal. 
These minimum and maximum video signal values were, however, different from 
those used in digitizing the Skylab imagery because of differences in the 
density between the multispectral imagery acquired by the spacecraft and 
the aircraft. Figure 39 shows the four black-and-white aircraft multi- 
spectral images used in this analysis. 

The results of the System 800 digital brightness classification are 
presented in “feble 12, It is assumed that the numbers in this table 
represent the variability within one measurement of the playa made using 
the Skylab S-I90A imagery. Tie average and standard deviations of these 
values are presented in Table 13. 
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Figure 39. Aircraft underflight AMPS mu I tispectra I imagery of the north 
end of Wi 1 1 cox Playa acquired on 5 June 1973 which was analyzed usinq the 
System 800* 


700-800 nm Band 


800-900 nm Band 
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Digitized 
Gray Level s 

500-600 nm 

S-I90A Bands 

600-700 nm 700-800 nm 

800-900 nm 

0-32 

3.86 

52.50 

2.02 

! .24 

33-64 

9.76 

25.60 

1.80 

.64 

65-96 

37.34 

18.46 

27.08 

2.94 

97-128 

34.52 

2.36 

66.52 

40 

129-160 

13.24 

.66 

2.40 

53.70 

161-192 

.70 

.34 

.04 

.70 

193-224 

0 

0 

0 

0 

225-255 

0 

0 

0 

0 

"btals 

99.92 

99.92 

99.92 

99.94 



“feble 10. Digital brightness percent area classification of S-190A black- 
and-white mu I ti spectra I images of the north end of Wi I Icox Playa acquired on 
3 Jline 1973 '. Tame No. 181). 



Statistics 500-600 nm 


S-I90A Bands 

600-700 nm 700-800 nm 800-900 nm 


Sample 
Average: (x) 


Sample 
Standard 
Deviation (s) 



100.8 

132.6 

4.32 

4.50 


■feble l|. Statistics of five digital brightness measurements of the north 
end of Wi I Icox Playa - Image 181, 3 Jbne 1973. 

















Digitized 
Gray Level 

500-600 nm 

AMPS Bands 

600-700 nm 700-800 nm 

800-900 nm 

0-32 

1.26 

1.34 

1.12 

1,28 

33-64 

.48 

.78 

.02 

.58 

65-96 

2.36 

4.44 

.40 

2.52 

97-128 

28.60 

58.80 

2.00 

n .a 

129-160 

65.46 

34.32 

46*0/ 

17.42 

161-192 

1.76 

.26 

50.32 

0 

193-224 

0 

0 

0 

0 

225-255 

0 

0 

0 

0 

Tota 1 s 

99.92 

99.94 

99.88 

99.92 


Table 12. AMPS aircraft underflight image precent digital brightness 
classification of the oorth end of Willcox Playa made from imagery acquired 
5 June 1973 (Frame No. 61-073). 


Statistic 


500-600 nm 


600-700 nm 


AMPS Bands 
700-800 nm 


800-900 nm 


Samp I e 
Average (x) 


Sample 

Standard 

Deviation 

(s) 


1 19.8 

157.6 

1 15. J 

22.6 

24.1 

18.6 


Isble |3. Statistics of the brightness distribution of aircraft AMPS under 
flight multispectral photography percent digital brightness classification. 
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A photometric analysis was performed of the S-I90A black-rot* 
multispectral photography taken on 3 JLine 1973 over tte W : . wox test site 
The purpose was to establish the best procedures for printing multi- 
spectral positives of semi-arid desert-like terrain (such as exists 
around Wi I Icox, Arizona) for analysis using additive color techniques. 

Release negatives of the 500-600 nm, 600-700 nm, 700-800 nm, and 
800-900 nm bands were conventionally processed to achieve a one-to-one 
manping of negative into positive density. The graph of negative gray 
scale versus positive gray scale is shown in Figure 40 which shows the 
accuracy with which the calibration step wedge was processed. 



Figure 40. Negative-positive density relationships of "conventionally 
processed" S-I90A black-and-white multispectral photographs. 








I 


> 

1 

i 


J 


Image matched prints of the conventionally processed positive 
transparencies are shown in Figure 34 in the preceding section. 

In order to create color composites which contained the maximum 
possible information, it was necessary to reprocess "conventionally 
processed" imagery. Contrast-stretched positive transparencies were 
produced by adjusting the density and contact printing of tho $-!?' 
release 70mm negatives. A Spectral Data Model 40 con+ac+ ...'inter was 
used for this purpose. Tie illumination at the film plane of this 
printer is uniform over a 70mm field, within limits of measurement. 

Tie degree of "contrast-stretch" and the density level of the area of 
interest were controlled by adjusting the following parameters. 

— Film type 
— Exposure 
— Chemistry 
— Degree of Development 

Tiese parameters were varied to produce film positives in which image 
detail within the land areas was maximized. Tie density levels of land 
areas were required to be compatible with each other and low enough to 
produce a composite image on an additive co-or viewer screen. Tiis com- 
posite had to have sufficient brightness to allow discrimination between 
small color differences. 

"Image-matched" reproductions of these transparencies are shown 
shown in Figure 42 on page 74. These "image-matched" reproductions 

are visual impressions of the appearance of the transparencies when viewed 
on a commercial light table. Due to the inherent difference of film and 
paper media, a sensitometric match between the two is not possible. 


SSESSB 
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Negative Density 


Figure 4| . Negative-positive density relationships of S-I90A black- 
and-white mu It i spectra I photographs which have been "contrast-stretched" 
to emphasize land detail. 

However, these reproductions are useful in visualizing the quantitative 
data shown in Figure 41, which data is a graphical representation of the 
negative-positive density relationships of these images. 

In the graphs shown in Figure 4| , the density of each step of the 
gray wedge in the positive transparency for each band has been plotted 
on the y axis as a function of the density of the same step in the S-I90A 
release negative on the x axis. Since this gray scale is subject to the 
same copying and processing as the image to which it is attached, it may 
be used for densi tometric analysis of the imagery. 



I 

I 

I 



"he measured steps of the gray scale on each image record the 
brightness range of the land areas. A comparison of these data in the 
four bands shows that it is necessary to increase the scope of the 
negative-positive density relationship curve with increasing wavelength. 
Because of this low brightness range in Sana 4, a single contrast- 
stretched positive could be made which would be acceptable. Wl^h 
increasing wavelength, it becomes necessary to make differed'’ • j-' rives 
from the same negative. 

"he two factors which have the greatest effect upon the additive 
color composite image are the density levels (maximum and minimum) and 
density range of the areas of interest. The data concerning these 
factors has been compiled in. lible 14. 

Additive color composites, using both conventionally processed 
and "contrast-stretched" positive transparencies, were made using a 
Spectral Data Model 70 additive color viewer. An example of one such 
color image made from "contrast-stretched" transparencies in which the 
500-600 nm band is imaged as blue, the 600-700 nm as green, and the 
800-900 nm band as red is shown in Figure 43. 

Evaluation of Contrast-Stretched Imagery 

An evaluation of terrain features which could be interpreted using 
contrast stretched imagery was performed which had as its focus geologic 
land features. 

A study was performed, employing visual analysis only, to investigate 
the application of Skvlab additive color images to geology and related 
di scipl ines. 
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Figure 42 Image-matched prints of S-I90A multispectral transparencies 
which have been "contrast-stretched" to emphasize land detail. 
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600 - 

700 nm Band 







saw* 


Transparency 

No. 


Density Ranqe 


500-600 nm: 

Negative 

Conventional Positive 
L a nd-stretched Pos i t i ve 


600-700 nm: 

Negative 

Conventional Positive 
Land-stretched Positive 


700-800 nm: 
tegative 

Conventional Positive 
Land-stretchea Positive 


800-900 nm: 
tegative 

Conventional Positive 
Land-stretched Positive 



Table 14 , Dens i tometr ic factors affecting composite image color of land areas. 


Tie images used were made from contrast-stretched positives, the 
photometric characteristics of which are shown in Figure 41 . The two basic 
types of geologic information for which the image was examined were: (I) 
the detection of structural lineations, and (2) the discrimination of 
I i thologic units. 

Geologic, vegetation, and soil maps were visually compared with 
the S-I90A image for any possible correlations. Basaltic rock units 
which were recorded on the state geologic map of Arizona showed up 














i 


i 


clearly on S-I90A additive color images. The intricate geology in the 
mountain ranges was not readily detectable. "he most recent fluvial 
deposits which were not recorded on the state geologic map were imaged 
and easily seen on this Skylab imagery. 

Lithological discrimination was to be solely based upon color 
differences on the image and not upon other parameters such as tp\'*v.-e, 
topographic expression, and drainage patterns which common’ : a used 
in aerial photographic interpretation. 

This geologic information can be put into two separate categories: 
first, information which has already been recorded on existing sources, 
i.e., geologic maps, and second, information which has not been recorded 
either because this information was undetected or it came into existence 
subsequent to the published sources. 

Procedure: 

"b see how much of the previously recorded information could be 
detected on the image, visual compari' -/as made between the image and 

various published maps. If there appo-Sf J to be a significant amount of 
information common to both data, the information contained on the 
published map was drawn on a clear vinyl overlay which wrss then placed 
over the ER15 image for 3 more detailed visual analysis. The additional 
information which was on the image, but not on the geological maps, was 
drawn on separate overlays. Tie information on these overlays was then 
compared to non-geo I og i cal data, such as soil and vegetation maps. 

The main source of geological information used in this study was 
the 1969 state geological map of Arizona published by the ARizona Bureau 
of Mines and the U.S. Geological Survey. It would have been most desirabl 
to have compared the images with more detailed geologic maps having a 
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larger scale. Unfortunately, virtually no U.S. Geologic quadrangle maps 
exist for this area. There were a few U.S.G.S. miscellaneous geological 
investigation maps in this area, but these were poor in quality and con- 
tained only geologically monotonous areas. The one exception was a U.S. 
G.S. M.G. I , map of the southern portion of the Mule Mountains. Corre- 
lations between this map and FRTS images are discussed in detail. " ne 
coincidental advantage in using the state geoloqic map \va' :;,dT visual 
comparison with the S-I90A color composite was facilitateo because both 
were made to the same scale of I : 500, 000. 

Non-geo I og i cal sources included a small scale, very generalized 
vegetation map of the sta+e of Arizona published by the University of 
Arizona; several soil maps which were included in the soil survey of the 
Sulphur Spring Valley area, 1954; and the genera! soil map of Cochise 
County, Arizona, published by the Soil Conservation Service in 1971. 

Since there seemed to be some correlation between the additive 
color image and the state geologic map, all the lithologic and structural 
information contained on the map was transferred to an overlay which was 
then placed over the image - this is shown in Figure 44 . The most 
noticeable of these correlations was the delineation of The two major 
basaltic o currences in the area. Theqe volcanic tock units can be 
clearly distinguished as having a darker visual signature than the 
surrounding areas. Even the small outlines of these units can be easily 
seen. 

It was found that a large percent of the intricate geology in 
the mountain ranges cannot be detected from the image. "he most obvious 
reason for this is that most areas in the ranges are heavily obscured 
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by vegetation. However, on close examination, some lithologic contacts 
in the ranges were detectable. For example, the major contact between 
the granite and the schist ( 7kg and PCsc, respectively, on the geologic 
overlay) in the Little Dragoon Mountains could be observed on the image. 

No faults could be detected in the ranges. 

Among the additional information contained on the image, but not 
on the geologic state map of Arizona, were the various color ^ ivisions 
of the basins (Figured ). "hese different colors could not be checked 
for the possible correlation with different alluvial types because the 
alluvial deposits on the state geologic map were so greatly generalized 
that any such correlation was impossible to make. “he vegetation and 
soil maps were also examined for possible correlations. The vegetation 
map was too generalized and the soil maps were too large-scaled and 
detailed for the resolution of the Image to be of any use. No corre- 
lations were made with these materials. It is still not known whe * 
the different colors in the basins, which appear in the S-I90A additive 
color composite, represent. 

Other features imaged, but not appearing on the slate geologic 
map, are the most recent fluvial deposits or alluvium. These recent 
deposits have a white visual signature on the additive color image. In 
this ER1S frame they can be seen along the San Simon River, San Pedro 
River, and around the Willcox Playa,in Arizona. 

Tiese locations of the most recent fluvial deposits can be easily 
explained. During pluvial periods (times when the area's climate was 
more humid than today), stream water was high end deposits were laid down 
along the major drainage lines. Also, during these w ’ times, the Willcox 
Playa was a fresh-water lake with several streams flowing into it. As 
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these streams entered the standing Jake water, they lost some velocity 
and had to deposit their load. Thus, fluvial deposits became concentrated 
around the perimeter of Willcox Playa. During interfluvial periods, such 
as the present, the lake water dries up and evaporates. Gypsum, rock salt, 
etc. are precipitated and deposited in the center of the playa. 


- 79 - 



0 «*2SfS5« 






Figure 44. Overlay of known geology superimposed on Skylab-2 S-I90A 
additive color image of 3 June 1973. 





Figure Overlay of additional geologic information contained in 

Sky lab-2 S-I90A image, but not appearing on state geologic maps. 
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Section 5 

Physical, Chemical . and Biological Sampling 

of Ns>w York Coastal Waters 


The collection of "baseline* 1 oceanographic data of Bloc 1, '.-tand 
Sound and New York Bight are described herein. These car a provided the 
baseline picture of the characteristics of these waters within which 
the data collected at the Instant of Sky lab-3 pass could be placed in 
perspective. 

Baseline Data Collection of Oceanographic Data in Block Island Sound 
and New York Bight 

In 1972-73, twenty-four cruises were conducted in Block Island 
Sound and New York Bight areas to collect and analyze water samples at 
different stations In order to construct baseline data over a period of 
time which would give sufficient Indications of the gross pattern of 
oceanographic activity. Three transects with twelve stations were 
covered in Block Island Sound and nine stations In New York Bight, 

Some of the analysis was done on board the research vessel KYMA Imme- 
diately after collecting the water samples. The data was acquired for: 
(I) physical oceanography, (2) chemical oceanography, and (3) biological 
oceanography. 


I 


Techniques Use d in Determining Phys ical Oce anogra phic Parameters 

To collect baseline physical oceanographic data, temperature, 
salinity, and calculated density values were obtained at multi-depths 
for most stations sampled In Block Island Sound. Only surface salinity 
samples were taken on the New York Bight cruises. 

When stations were sampled more than once per cruise, avei : of 
temperature, salinity, and density (a^.> were calculated a : - iiandard 
depths of 0, 10, 20, 30, 35, and 40 meters. Flood and ebb averages of 
these parameters were also calculated over each cruise. Horizontal 
profiles (contours of t°C, S°/oo, and o^. in depth versus distance' were 
made for each crossing of a transect. 

The downwelling irrad lance of the visible spectrum was measured 
at each station in Block Island Sound using an upward-facing irradiance 
meter (submarine photometer), comprising a photocell and cosine collector 
equipped with glass filters. 

The extinction coefficient, TT, for these light values is defined 
by the equation: 

l(z) = l(z=0)exp - TTz 

where l(z=0) is the total visible light energy In a particular wavelength 
band that is incident upon the navifaee, Kz) is the remaining light 
energy at the depth z(m), and IT Is the total "extinction" coefficient 
for the particular wavelength band in units of m” 1 . 

On most cruises, Irradiance measurements were taken as near to noon 
as possible at each station. Linear regression analyses were performed 
and correlation coefficients calculated for data sets using total particle 
counts and average extinction coefficients for eaci. of the Block Island 
Sound and tew York Sight stations. 
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Regression analysis and correlations were also calculated between 
monthly fresh water discharge into Long island Sound and the monthly 
surface and bottom salinity values at the Block island Sound stations. 
Dilution factors, D, defined by: 

D = (AS/?) x 100* 

where AS is the annual range and ? the mean salinity at a station, ■ e 
a I so calculated . 

Chemical Oceanograph ic Techn i ques 

At each station, the locations of which have been previously 
described, samples were collected from selected depths with 5-1 Iter 
Niskin bottles. Once on board, samples for the measurements of salinity, 
oxygen, and phytoplankton analyses were removed. The remainder of the 
sample was then filtered through Whatman GF/C filters in an all-glass 
filtration system. The filter pads were then placed in individual vials 
and frozen for later analysis of chlorophyll and particulate phosphorus. 
Samples of the filtrate were removed for the measurement of reactive and 
total soluble phosphorus, nitrite, and nitrate nitrogen, and silica. 

Salinity was determined with a conductivity system (Beckman RS7-B) 
and oxygen was determined by the method described by Carpenter (1966). 
Reactive, total soluble and particulate phosphorus, silica, and chloro- 
phyll were determined according to the methods described by Strickland 
and Parsons (1968). Nitrite and nitrate nitrogen were determined by the 
method described by Wood et ai (1967), 

On 12 May 1973, through the cooperation of the local power squadrons 
and other privata yachts, a synoptic sampling of the surface waters was 
conducted. Salinity and suspended solids samples were collected at 0900 
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1200, and 1500 hours. The method described by Strickland and Parsons 
(1968) was used for these analyses. 

Biological Samp I i ng Techn I ques 

Samples for the analysis of phytoplankton and suspended particles 
were collected from the surface at each station in 5-liter Nlskln bottles, 
concurrently with the chemical samples. One liter of water was r^ioved 
from the bottle, immediately concentrated in a continuous plankton centri- 
fuge to less than 10 ml, and brought to a final volume of 10 mfc with 
filtered (0.45|i) seawater and neutral buffered formalin ( a final concen- 
tration of 3 percent). This concent rated sample was returned to the 
laboratory for microscopic analysis of the phytoplankton population. 

An additional 50 mZ aliquot was withdrawn from the Ntskin bottle 
and placed In a 50 ml glass vial. This sample was refrigerated until 
return to the laboratory, when it was immediately analyzed for suspended 
particles with a Coulter Counter, Model 8. 

Aliquots of the concentrated sample were placed in a nanoplankton 
counting chamber (Palmer and Maloney, 1954) and various types of micro- 
scopic counts, depending on cell size and number, were performed under 
I00X and 400X magnification. At least 10 field counts (a wide field 
being delineated by the microscopic field and a narrow field by a whtpple 
disc placed In one eyepiece) were performed under each magnification, and 
three survey counts (a scan of the entire counting chamber) were performed 
under I00X magnification. The average counts were multiplied by the 
appropriate factors to yield results as cells per liter. 
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Immed lately upon return to the laboratory, the refrigerated 50 m£, 
sample was analyzed for suspended particles with a Coulter Counter, Model B. 
Two aperture tubes (30ji and I00p) were employed so that particles between 
O.I6y 3 and 635p 3 (equivalent diameter of 0,68y to I0,67y) could be counted. 
Particles between I and I0y equivalent diameter were counted at I micron 
Intervals, Particles above I0,67y equivalent diameter were also coy* fed 
for the most of the samples. 

Oceanographic Baseline Data Results 

The oceanographic results obtained from the analysis of data collected 
under the sampling program for Block Island Sound and New York Bight are 
described below, A detailed narrative of these results, along with the 
summary and methods of data reduction, is included In the appendices of 
this report: Appendix A - Physical Oceanography, Appendix E - Chemical 
Oceanography, and Appendix F - Phytoplankton and Suspended Particles, Also 
contained in these appendices are the graphs, tables, and oceanographic 
charts describing the specific characteristics of Block Island Sound and 
New York Bight water masses. 

Phy slcal Oceanography 

The annual temperature regime within Block Island Sound and ffew 
York Bight is largely governed by solar radiation and correlates with the 
mean month temperatures in the atmosphere, lagged one month. For these 
waters, the maximum temperatures occur in August, the minimum in February. 
Vertical temperature gradients are largely governed by vertical mixing 
and diffusion between a surface layer composed of largely harbor and sound 
water and a bottom layer of coastal water. 
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The annual salinity regime Is mainly regulated by the stream 
discharge entering Long Island Sound and New York Harbor. The two major 
sources of this stream discharge are the Connecticut River for the Sound 
and the Hudson River for the harbor. There is also approximately a 
one-month lag between maximum stream discharge and the corresponding 
salinity mini mums. 

Linear correlations at a one-month lag and dilution f: 1- . a, D, 
were calculated for Block island Sound. The highest correlations occur 
at the center stations of the H and HB transects and the weakest corre- 
lation occurs at Station BR3 155 %). Weak correlations at depth (30m) 
imply a two-layered system, with a surface layer that is composed of less 
saline Long Island Sound waters and a bottom layer of saline coastal waters. 
Vertical mixing and diffusion is relatively weak in Block Island Sound, as 
indicated by these high correlations and dilution factors. 

The average extinction coefficient for Block Island Sound in the 
visible spectral band was 0.335, as compared to a mean value for the New 
York Bight of 0.663, almost a factor of 2 qreater. The mean value for the 
blue band is 0.400 In Block Island Sound and 1.048 in the New York Bight; 
for the red band, the value is 0.554 and 0.876 in the Sound and Right 
respectively. The disparity in these two wavelength bands dramatizes the 
shift of the peak of maximum transmissivity from shorter to higher wave- 
lengths with increasing turbidity. 

The average extinction coefficients for each transect in Block Island 
Sound were correlated with total particle counts as determined with a 
Coulter Counter and for particle counts greater than 5p in equivalent 
diameter. Highest correlations occur with particles greater than 5g, 
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but less than IOy In size. Similar results were obtained for the New 

York Bight stations. These results reflect nonselective attenuation, 

particularly absorption, since the lower limit of the total particle 

count is approximately 0.7p in equivalent size so that selective cr Raleigh 

scattering Is not included In these calculations. The correlations would 

be significantly improved if the resolving power of the Coulter Cct-p'or 
could be increased; however, this is an engineering design c,„ that 

hopefully will be resolved in the future. 


Chemical Oceanography 

in Block Island Sound, the nutrients (phosphates, nitrates, and sili- 
cates) showed the seasonal variations typical of temperate waters. Indi- 
cations are that the supply of nitrogen to these waters is limited and that, 
under the appropriate conditions, the nutrients are utilized by the phyto- 
plankton rather quickly. Although relatively large seasonal changes in 
concentration were noted, the correlations between these parameters and 
chlorophyll a were not considered significant. 

in early October 1972 what appeared to be the remnants of an algae 
bloom were found at those stations occupied along the H transeei , Little 


evidence of such conditions was found for the other transects. Chlorophyll 
a concentrations generally remained low (0. 5-1,0 mg/m 3 ) through the re- 
mainder of the fall and winter. A spring flowering of relatively short 
duration was present in March. Peak chlorophyll concentrations of 9,4 
mg/m 3 were present at Station Ml. The amount of chlorophyll £ present in 
the surface waters of this transect gradually decreased from the high value 
noted at Station 7 to 2,1 mg/rn* at Station 4. No evidence of a spring out- 
burst of similar magnitude was found In the waters of the other transects. 




-89- 


The reasons for this may be that the frequency of sampling was such that 
the bloom was missed along the other transects, or the data reduction tech- 
niques affected the graphical presentation. In respect to the latter, the 
range of chlorophyll £ at BRI was 1.69-3.39; at 3R2 a range of 2.01-2.60 
mg/m 3 , and at BR3 a range of Q.85 to 3,04 mg/m 3 . Along the HB transect, 
inclement weather prevented sampling from 14 February until 25 £?< . , and, 
undoubtedly, the spring bloom was missed. 

This study was designed to provide a background data base upon which 
the conditions which existed at the moment in time at which the Skylab EREP 
data was collected could be fitted in some meaningful fashion. The sampling 
program was designed to collect data on the effect of both tidal and non- 
tidal forces upon a given parameter and, consequently, to yield information 
pertinent to the above. Sky lab-3 12 September 1973 data was collected at 
approximately i2G0 hours and at that time higher concentrations of both 
particulate phosphorus and the pigmented population were present at Station 
HI than at the remaining stations. This station also showed the greatest 
range of concentration for both of these parameters. Since this range of 
variation is typical of the variability to be expected for most parameters, 
it is particularly Important that additional Information be gathered rele- 
vant to the variability of all parameters in both short- and long-term 
space and time. 

With respect to the former, an experiment was conducted on 12 May 
1973, with the help of the local power squadrons and private yachts, to 
collect synoptic samples for the measurement of suspended material, salinity, 
and temperature in the surface waters of Block Island Sound and adjacent 
waters. In this preliminary experiment, logistics prevented the collection 


of samples for chlorophyll. The location of each of the sampling vessels 
Is shown in Appendix A. The sampling times were 0900, 1200, and 1500 
hours. It should also be noted that, although care was exercised In the 
storage of the samples, certain of those collected early in the dav 
remained in the plastic containers for more .than te.i hours prior tc 
f I It rat ion. 

The synoptic distribution of temperature, salinity, and •• ponded 
solvents Is shown in Appendix A. For each of the three parameters observed 
large ranges in values and concentrations were noted. The effect of the 
tidal forces upon the distribution of these parameters was apparent. 

In New York Bight, the concentration of nutrients and chlorophyll was 
generally higher along the New York Harbor transect than along the TR 
transect. This was especially apparent in the nitrate concentrations. 
Evidences for seasonal trends were particularly evident In the nitrate 
and si 1 1 cate data. 

No significant correlation between the nutrients, particulate phos- 
phate, and chlorophyll was found for the TR transect at any time. Along 
the NYB transect, however, strong correlations were found between the con- 
centration of chlorophyll a and soluble organic phosphorus. It was also 
noted that the correlation was strongest In May. For example, the overall 
correlation of soluble organic phosphorus with chlorophyll a_ for the NYB 
transect was 0,88. In December and January, the correlations were not 
significant (r=0.0l and 0.12 respectively), while in May the correlation 
was 0.95. 


Phytoplankton and Suspended Particles 

The high correlation between phytoplankton and suspended particles 
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>IO,7y equivalent diameter In Block Island Sound (0.858) indicates that 

the phytoplankton may contribute largely to the suspended material In this 

region, in contrast, the lower correlation between these parameters in 

the New York Bight (0.586) indicates that other factors are adding to the 
suspended load in this area. Suspended materials are being brought into 

the area by the Hudson River outflow, as evidenced by the high total par- 
ticle counts and lowered salinity values (see Appendix A) at v ; > 0 n NYR3. 

The phytoplankton population was highest at the New York Bight and 
Block Island Sound stations, with the TR stations having the lowest number 
of colls. There are indications that the organic enrichment caused by 
the disposal of sewage sludge in the New York Bight mav play a role in 
maintaining the relatively high phytoplankton population In this region. 

In Block Island Sound, the stations around Montauk Point generally 
exhibited the largest phytoplankton populations, these populations probably 
originating In the waters of the Peconic Bay-Gardiners Bay system. 

Block Island Sound can be divided into three regions: (I) northern 
Biock Island Sound, Influenced by the coastal waters of Connecticut, Rhode 
Island, and the Cape Cod region; (2) southern Block Island Sound, influenced 
by the waters of the Peconic Bay-Gardiners Bay system; and (3) central 
Block Island Sound, influenced by the waters of Long Island to the west 
and the Atlantic Ocean to the east. 

In the experiment, conducted on 12 May 1973, the largest population 
occurred in the Peconic Bay-Gardiners Bay region, with a smaller population 
found In northern Long Island and Block Island Sound waters. These popula- 
tions were separated by the sparsely populated waters apparently originating 
in central and southern Long Island Sound, passing through central Block 
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Island Sound, and meeting the waters of the Atlantic Ocean between Mon+auk 
Point and Block Island. This type of circulation of the surface waters 
was shown previously by Nuzzi (1973) and Austin (1973), 


I 


X 


Section 6 

Ground Truth at Shagwong Reef 

Satellite imagery provides a synoptic overview of features in 
complex estuaries and coastal environments which, in many cases, wou'd 
be missed by usual ship sampling techniques. River plumes and cff'uents 
which are clearly apparent on satellite imagery are near! invisible to 
the observer at sea level. Perhaps even more important are those loca- 
tions where waters appear to have color characteristics that are different 
from their surroundings. These '’discolored" water masses may have no 
relationship to harbor effluents or river plumes, but are distinct water 
types that have unique origins. 

Extensive ship sampling programs correlated with ERTS-f imagery 
in the area of Montauk Point, Long Island, few York indicated that a very 
distinct and fairly persistent plume of water was associated with Shagwong 
Reef located three nautical miles northwest of Montauk Point. Since this 
plume appears in ERTS satellite imagery taken during both flood and ebb 
stages of the tide, it is hypothesy that it is not an advected phenomena 
since it does not appear to be transported to the area by currents or 
tides. This plume is hypothesized to be generated in the area of the 
Shagwong Reef itself. 

It is believed that the Shagwong Reef plume Is caused by seasonal 
biological phenomena composed principally of organic material. It Is also 
hypothesized that the action of tidal currents which bring organic detritus 
to the surface by scouring action is not the cause of this plume since there 
is no significant seasonal difference in tidal flow in this area. Yet, 
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there are periods in late winter and in September when the plume does 
not appear in ERTS satellite images. 

Two sampling stations were positioned in the area of Shagwong Reef 
in Block Island Sound approximately three nautical miles northwest of 
Montauk Point, Long Island. The location of these stations wns selected 
based upon the appearance of a plume of water in this area on EP j-I 
images. The stations were positioned so that Station One (SI, 4|°06.2 , N, 

7 1 0 55.3 f W) would be outside of the plume area and Station Two (S2, 4l o 06.2' 
N, 7! 0 54,9'W) within the plume, S2 was the upstream station during the 
ebb tide cycle. 

Two extensive sampling programs were conducted on 9 August 1973 
and another on 12 September 1973. No data was recorded by Sky lab on 
9 August because of total overcast conditions (100 percent cloud cover 
at the test site). Data was acquired by Skylab on 12 September 1973 and 
was used in the analysis. 

Detailed physical, chemical, and biological sampling was conducted 
at both sampling stations throughout the day. Water samples were collected 
hourly for analysis of salinity, suspended solids, total particle phyto- 
plankton, reactive phosphorous, total dissolved phosphorous, particulate 
phosphorous, pigments, and suspended solids. Temperature was measured in 
situ at several depths at each station. 

The Skylab 3 overpass occurred at approximately 1310 EDT on 12 
September 1973, at which time a maximum ebb current condition existed 
at Shagwong Reef. At this time, the current was 43.8 cm/sec. in a 
direction 069® true. The optical characteristics of the water were 
measured in the suspected location of the plume (S2) fifteen minutes 
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before the Skylab pass. The average extinction coefficient CTT) at 1255 
EOT was found to be -0,26 per meter. At SI, which was located so as to be 
outside the plume, the average extinction coefficient was measured to be 
-0.33 per meter. This measurement at SI was made at 1215 EDT, fifty-five 
minutes prior to the Skylab pass. 

The "extinction coefficient" is a measure of the attenuation of 
incident sunlight (downwelling irradiance) as a function of depth within 
the water column and is defined by the equation: 

Kz) = l(z=o) exp (-kz) 

where: 

l(z=o) = total irradiance at the surface 

Kz) = remaining irradiance at the depth z (in meters) 

A summary of the optical characteristics of the water at the 

Shagwong Reef within an hour of the Skylab pass on 12 September 1973 

are summarized below in terms of that depth to which a prescribed percentage 
of solar irradiance incident upon the water’s surface penetrated. 



Station SI (outside plume) 
1215 EDT 

Station S2 (within plume) 
1255 EDT 

loo?; 

Surface 

Surface 

15 % 

-0.6 m 

-1 .3 m 

50 % 

-2.0 m 

-2.6 m 


-4.6 m 

-5.0 m 

10 % 

-8.3 m 

Below Bottom 

1 % 

Below Bottom 

Below Bottom 

¥ 

-0,33 per meter 

-0.26 per meter 


Table |5. Optical characteristics of the Shagwong Reef plume 
at the approximate time of Skylab 3 pass on 12 September 1973. 
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The details of the methods used to collect and analyze all physical, 
chemical, and biological water samples taken ar° described In Appendices A, E, 
and F. A summary of the results of the analyses appears in Tables 1 7 through 1 9 
at the end of this section, A summary of the salient features which existed 
at 1310 EOT, the time of the overpass. Is presented below: 


Parameter 

Measured 

Station SI 
(Outside Plume) 

Station S2 
(Within Plume) 

Temperature (°C) 

Surface 

20.1 

19,8 


-5 m 

19.9 

— 


-7 m 

— 

19.8 


-10 m 

19.8 

— 

Salinity (0/00) 

Surface 

29.79 

29.83 


“5 m 

29.81 

— 


-7 m 

-- 

29.86 


-10 m 

29,85 

— 

Density (a-j. > 

Surface 

20,81 

20.90 


-5 m 

20.85 

— 


-7 m 

— 

20.93 


-10 m 

20.91 

— 

Suspended 

Surface 

2.19 

2.79 

Sol i ds (mg/ 1 ) 

-5 m 

1.77 

— 


-7 m 

— 

2.68 


-10 m 

3.67 

— 

Chlorophyll a 

Surface 

2.67 

2,55 

(yg/l) 

-5 m 

2.94 

— 


-7 m 

— 

2.28 


-10 m 

2.45 

— 

Tots! (articles 

Surface 

185 

206 

(xl0 s /l ) 

-4 m 

190 

— 


-8 m 

207 

203 

Total Cel 1 Count 

Surface 

10,5 

15,2 

(xl0 3 /l ) 

-4 m 

14.3 

— 


-8 m 

6.7 

4.8 


Table 16. Principle water characteristics within and outside of Shagwong 
Reef at the time of Sky lab 3 pass, 1310 EOT on 12 September 1973. 






A graphical synopsis of the optical characteristics, suspended 
solids, and total particles at Shagwong Reef, as a function of depth at 
or near the time of Skylab 3 overpass, Is shown In Figure 48, 



Station Si 


r 



"Station 

S3 


Time 

Depth fm) 

T C 

S”/,. 


Time 

Depth (m) 

T^J 

7 c 0 ' 

A* 

J 100 

0 

20.0 

29,80 

1 20,83 


HOG 

0 

■ 19,8 

1 29,83 

20.90 


5 

19.8 

29.84 

! 

20.90 


7 

19.9 

30.03 

*21 .07 


10 

19.5 

30.01*! 21.0s! 



1202 

0 

20.1 

29.79 

20.80^ 

1207 

0 

19.8 

2 f , , S3 

20.90 

1 s 

10.8 

29.80 

20.85^ 


7 

19.3 

29.87 

‘20.94 


10 

19.6 : 

29.87* 

20. S5 1 




1 

1 


1300 

0 

20,1 ■ 

29.79 

20.80' 

1 255 

0 

19.8 

29.83 

20.90 


5 

19.9 ! 

29.80 

20. 85 1 


7 

1 19.8 

29.86 

20.93 

! 

10 

19,8 ! 

29.84* 

20.90* 




! 

! 

1400 

0 

20.0 ; 

29,82 

i 

20,85 

1400 

0 

19,8 

1 29.85 

20,94 

; 

5 

19,8 ! 

29,86 

20.89' 


7 

19.8 

29.88 

20.94 


10 

19.7 

29.92* 

20.99 



■ 

lr 


1500 

0 

20,2 1 

29,33 

20.80 

1445 

0 

19,8 

29.87 

20,92 


5 

20,0 ! 

29.86 

20. 8S 


7 

19.8 

29, i'8 

20.94 


10 

19.8 

29.94* 

20.99 



■ 

i 


1600 

0 

20.2 

29,81 

20,79 

1555 

0 

19,8 

’ 29.85 

20,92 


5 

20.0 

29.84 

'20.82 ' 


7 

19,8 

29.88 

20.94 


JU 

19.9 

29,87* 

"i 

20,90 







*l.Kv ropolatcd 


Table |7. Temperatures, salinities, and cr-f. for the September 12, 1973 
experiment. 
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(Ug-at/t) 

(ug-ai/A) 





1.04 

7Z 




Table jb. Variations in suspended solids, phosphorous, and chlorophyll 
12 September 1973. 


Time [COST) 


l! S2 - Surface 


Average ot aH 
sampling periods 
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Section 7 


Photo-Optical Analysis 


of S-I90A and S-I90B Photography for Water Data f I 


This section describes photographic reprocessing of Sky lab-3 
S-I90A black-and-white mul tispectral imagery. Also presented are the 
results of photo interpretation analyses of both reprocessed and released 
multlspectral images, as well as interpretation of both S-I90A color and 
S-I90B color transparencies. 


Photographic Reprocessing of S-I90A Mu i t i spectra i Images 


The general procedure used in the reprocessing of each multi- 
spectrai image is Illustrated by the set of characteristic curves, as 
shown in Figures 19 and 50, The slope of the conventionally processed 
multispectral Images was a faithful relationship between negatives and 
positives is required were well matched, "he minimum density of the 
500-600 nm negative was excessive however. These curves were generated 
plotting the gray scale density on the x axis with the positive gray 
scale density plotted on the y axis. Unfortunately, all the water areas 
in the negative have low negative densities causing high minimum densi- 
ties and relatively small density differences in water detail for a 
large change in density in the negative image. 

. Tie conventionally processed positive imagery was placed into 
the Spectral Data Model 70 viewer and the spectral records were projected 
as fotlows: 


02 - 




Figure 49. Typical curve of negative density vs, positive density of 
conventionally processed transparencies, 

500-600 - Blue 700-800 - Red 

600-700 - Green 800-900 - Red 

Only one of the infrared records was projected at a time with the two 
visible bands. Of ail the records, the 500-600 nm band had the most 
detail in both land and water. 

Tie release negatives were used to generate a second set of posi- 
tives which would enhance detail in the water mass. Both the exposure 
and processing were altered to "stretch" the low brightness regions as 
shown in Figure 50. Notice that those iow-density regions on the negative 
in Figure have ndw been "stretched" to increase the density image. 

Tie minimum density has also been reduced in all bands. Contrast 
increased by using E 1 -' 2420 duplicating film and processing in D-19. 

The scene brightness range for both water and land is small so that a 
single reproduction of the green record was used for the enhancement of 
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Figure 50. Curve of negative density vs. density of "stretched” positives 
which were reprocessed to enhance water detail. 

both water and land areas. The most meaningful comparison of the effects 
of reprocessing was made by additive color photo interpretation of 
differences in the water. "he densitometric factors affecting the density 
of water images are shown in "feble 20 on the following page, 

Shagwong Reef 

Skylab-3 passed over the Shagwong Reef test site , located three 
nautical miles northwest of Montauk Point, Long Island, at 1311 EOT on 
12 September 1973. At that time it was approximately three hours after 
slack ebb began at the race. From the tidal current chart shown in Figure 
51, one would have estimated an ebb current of about I knot at Shagwong 
Reef which is not significantly different from the 43,8 cm/ sec. current 
velocity measured at 1311 EDT. 
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1-ansparency 


Dens i ty 


No. i 

Min. 


Max. 

Density Range 

500-600 nm: 





Negative 

.96 


1.39 

.43 

Conventional Positive 

.97 

- 

1 .32 

.35 

Water "Stretch" Positive 

.33 

— 

1.92 

.59 

600-700 nm: 





Negative 

.51 

mm 

1.39 

.88 

Conventional Positive 

.97 


1 .76 

.79 

Water (, St retch” Positive 

.14 

— 

1.19 

1 .05 

700-800 nm: 





Negative 

.16 

— 

.51 

.35 

Conventional Positive 

1.76 

“ 

2.36 

.60 

Water "Stretch" Positive 

.45 

— 

.91 

.46 

800-900 nm: 





Negat i ve 

.16 


.51 

.35 

Conventional Positive 

1.76 


2.36 

i 

.60 ! 


"bble 20. Oensitometric factors affecting composite image color of water 
areas. 


Reproductions of reprocessed S-I90A multispectra I photography, taken 
in the 500-600 nm and 600-700 nm bands, are shown in Figure 52. Water 
areas of significantly different density in these two Images, as well as 
in the S-I90A color image, have been compiled on the three charts repro- 
duced in Figure 53. Using these figures, the following conclusions can be 
drawn: 
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Figure 5|. Tidal current at Shagwong Reef at 1311 EDT, 12 September 1973, 
approximately three hours after slack ebb begins at the race (velocities in 
knots ) . 

— S- 1 VGA multispectra I photography, when reprocessed to 
maximize water detail, exhibits sufficient density 
difference in both the 500-600 nm and 600-700 nm bands 
to readily allow differentiation between two water 
masses which have an optical characteristic difference 
of 0.07 per meter extinction coefficient (i.e., 0.26 
vs. 0.33 per meter); differences in suspended solids 
of 0.6 mg/I (2.19 vs. 2.79 mg/I); and differences in 





500 - 600 nm Band 




600 - 700 nm Band 


Figure 52. S-I90A mu 1 1 i spectra I imaqery of the Shagwong Reef area in 
Block Island Sound - Skylab-3 f 12 September 1973, 1311 EDT. 
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total particles of 21 x I0 6 per liter (185 vs. 206 

x I 0 6 / I ) . 

"he 600-700 nm band enhanced multi spectra I photo 
produced a distinct density boundary between two 
water masses which is hypothesized to be significantly 
due to a difference in total cell count of 4700 per 
liter (10,500 vs. 15,200 per liter), as well as a 
total particle count difference of 21 million particles 
per I i ter) . 

A sharp image density boundary on the 600-700 nm 
multispectral image, accompanied by a more diffuse 
boundary in the 500-600 nm band, indicates non- 
homogeneous vertical stratification of suspended 
solids and total particles in water having practically 
identical temperatures, salinities, and densities. 
Suspended solid differences of one milligram per liter 
(2.68 vs. 3.67 mg/'l), at depths between seven and ten 
meters, were distinguished between waters that were 
for all other purposes practically homogeneous. 

Water masses having the above optical characteristics 
and suspended solids could not be differentiated on 
S-I90A color infrared imagery and were just at the 
threshold of perceptibility in color S-I90A imagery. 
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Figure 53. 
Reef, Block 
1311 EOT. 


Comparative interpretation of image brightness of the Shagwong 
Island Sound, in S-I90A imagery taken on 12 September 1973 at 
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Long Island Sound 

The movement of water In Long Island Sound is controlled by the 
semi-diurnal tide upon which there is Imposed a non-tldal circulation 
pattern driven by a combination of effects from fresh water inflow, 
salinity, temperature, and density gradients and bottom topography. Along 
with the tidal flow, this net flow is continually being modified at the 
surface by the prevailing wind conditions. During the summer months, the 
winds are generally from the south and southwest. 

There is evidence that in the eastern end of the Sound there exists 
a large counter-clockwise gyre that is supported by the estuarine circula- 
tion pattern. An examination of S-I90B imagery acquired on 19 September 
1973 at 1629 EDT comfirmed this. Figure 54 shows a chart of water turbidity 
which indicates two large counter-clockwise water movements. The bottom 
waters incoming from Block Island Sound upwel I and mix with the surface 
waters along the Connecticut shore which then, in turn, move southward and 
become part of the net westward flow of surface waters through the race 
and plum gut. Figure 55 shows the tidal current charts of the Sound at 
this time. No gyres are indicated. Although this circulation pattern may 
predominate in the eastern two-thirds of the Sound, there ?s a possibility 
that the large gyre is broken up into a series of gyres due to the effects 
of the tidal flows and lateral differences. Such a secondary gyre has been 
plotted in Figure 54, east of New Haven along the Connecticut shore. A 
large counter-clockwise gyre has been found in the eastern end of the Sound 
wHh a wen kei vl.vkwine nvre in the central portion and evidence of another 
counter-clockwise gyre further west. Tils gyre scheme is influenced, to a 
large degree, by fresh water discharge and weather patterns. Indication 
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Figure 54 Interpreted location of suspended materials in Long Island Sound in S-I90B color 
transparency taken by Sky lab-3 on 19 September 1973 at 1629 EDT. 


/ 


Strafibrri Short, f 
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Figure 55. Approximate tidal current in Long Island Sound at 1629 EDT 
on 19 September 1973 (velocities are in knots). 

of a south clockwise gyre, north of Eaton's Neck, can be seen in Figure 
56 which is a color composite from an additive color viewer screen made 
using S-I90A release positives of 500-600, 600-700, and 700-800 nm bands 
An area of upwelling is also indicated along the northern shore of Long 
island between Mattituck Inlet and Orient Point in both the S-I90A multi 


spectral imagery and in the S-I90B color transparencies. Ttis upweiling 









Figure 56i Additive color composite of Long Island Sound made using S-I90A 
multispectral black-and-white positives. Image-y was acquired on 19 Sept. 
1973 at 1629 EDI. 500-600 nm band is imaged as blue, 600-700 nm band as 
green, and the band as red. 


is not due as much to the general circulation patterns as it is to the 
strong prevailing winds when they occur offshore. 
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Block Island Sound 

Skylab-3 S-I90A and B photography of Block Island Sound, acquiree 
at 1629 ED T on 19 September 1973, was visually interpreted without any 
photographic enhancement prior to the computer analysis described In the 
following section. Figure 37 shows the approximate tidal current condition 
at that time which was four and one half hours after slack flood began at 
the race. At this time it can be seen that the current is beginning to 
ebb at Montauk Point, while the race is sti i I flooding. 


c.rj h / i 

/ : 
/ "S / A 


Figure 57. Approximate tidal current in the western portion of Block 
Island Sound at 1629 ED T on 19 September 1973, five hours after slack 
flood begins at the race (velocities are in knots). 
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Figure 58 is a compilation of water density differences that could 
be discerned by visual photo interpretation of S-I90B color imagery. Water 
discoloration was plotted east of Gardners Island (where the current was 
weak and variable), in Gardners Bay between Gardners Island and Orient Point, 
and on the northern portion of Montauk Point and western side of Block Island 


Figure 58. Interpreted location of suspended materials in S-I90B color 
transparency acquired at Block Island Sound by Skylab-3 on 19 September 
1973 at 1629 ED 1. 


Unenhanced positive S-I90A mu I ti spectra I black-and-white trans- 
parencies were analyzed in an additive color viewer. The 500-600 nm band 
was imaged as blue, the 600-700 nm band as green, and the 700-800 nm band 
as red. "he resultant color composite photographed from the viewer screen 


is shown in Figure 59 , 


5 - 






Figure 59, Additive color composite of Block Island Sound (island at riqht) 
made using S-I90A black-and-white multispectra I positives. Imagery was 
acquired on 19 September 1973 at 1629 EOT. 500-600 nm band is imaged as 


"he discolored water mass in Gardners Bay is readily seen in this 
figure. Photo interpretation of the image on the viewer screen resulted 


i 

i 


In Identification of similar areas of water discoloration as was indicated 
in the S-I90B color imagery. 

New York Bight 

A comparative analysis of black-and-white S-I90A multispectra I 
photography and the color-color infrared S-190 imagery of New York Bight, 
acquired by Sky|ab-3 at 1312 EDT on 12 September 1973, was performed. 
Unenhanced multispectral positive transparencies were analyzed using an 
additive color viewer and compared to the color and color infrared trans- 
parencies examined on a light table. 

Figure 60 is a reproduction of a color composite created on the 
additive color viewer screen. It was found that this two-color rendition 
in which the 500-600 nm band is imaged as green and the 600-700 nm band 
as red produced the best color discrimination of the dump areas (extreme 
left center of the figure). The outline of a second dump can also be 
detected in this image. The suspended solids in the waters here exceed 
20 milligrams per liter. 
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Section 8 

Digital Image Processing of S-I90A Photography 
of New York Coastal Waters 


Sky lab-3 S-I90A multispectra I photographs were processed using 
the computerized "System 800," This system digitizes in registration 
over one quarter of a million picture elements (pixels) into 256 bright- 
ness levels for each multispectral photo. 

Skyiab-3 S-I90A black-and-white multispectral photographs acquired 
on i9 September 1973 covering Long Island Sound and Biock Island Sound 
were analyzed initially. Subsequently, southern New England coastal 

i 

waters south of Cape Cod , Massachusetts v/ere processed using the 
"System 800." 

Block Island Sound 

One set of Skylab-3 S-I90A black-and-white negatives (Frame No. 

239), acquired on 19 September 1973, was digitized in registration. Since 

the purpose of this analysis was to Investigate water detail, only the 

multispectral photographs taken in the 500-600 and 600-700 nm bands were 

* 

used. The System 800 digital image output is shown in Figure 61 , 

Frame No. 239 of Block Island Sound was initially log digitized 
using the MARKER, DIGIT, HISTOGRAM, AREA and DISPLAY programs. The results, 
as displayed on the system color TV monitor, were compared with a similar 
linear digitization of the same water features. In performing the compari- 
son, the input video of each band was adjusted separately for each 
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500-600 nm Band 600-700 nm Band 

Mu I + i spectra I Photograph Mu Itispectral Photograph 



. 




Figure 6! . Color coded output of the "System 800" showing digitally 
processed S-I90A imagery of Block Island Sound taken by Skylab-3 on 
19 September 1973 (Frame to. 239). 
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mu 1 1 i spectra I photograph to bring out the maximum water detail for each. 

A visual comparison of the resultant image detail showed considerably 
greater water image contrast existed when linearly digitized than when the 
image was digitized on the log mode. Consequently, only the I i near digitiza- 
tion of the photographic multi spectra I imagery was performed. The resultant 
digital brigh* ,ess distribution is shown in Table 21 below. 


Digitized 
Gray Levels 

Color Code 

S- 1 90/ 
500-600 nm 

Bands 

600-700 nm 

0-32 

Black 

44.28 

! 20.72 

33-64 

Red 

11.44 

11.18 

65-96 

Green 

13.14 

12.32 

97-128 

Yellow 

11.70 

22.82 

129-160 

Blue 

1 1 .68 

20.50 

161-192 

Magenta 

5.68 

6.42 

193-224 

Cyan 

1.32 

3.12 

225-253 

White 

0.68 

2.82 


Totals ... 

99.92 

99.90 


Table 21, Digitfal brightness percent area classification of Sky lab-3 
S-I90A black-and-white multi spectra I images (Frame No. 239) of Block 
Island Sound acquired on 19 September 1973. 


A histogram has been plotted of the digitized brightness levels 
in each of these two bands in Figure 62, Table 22 shows the Expected 
Value and Standard Deviation of the distribution of brightness in both 
multi spectra I images. 
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Percent of Total Image Area Percent of Total Image Area 


Brightness Distribution 
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Figure 62. Histogram of digital brightness percent area classification of 
Skylab-3 S-I90A mu I ti spectra I photography of Block Island Sound acquired on 
19 September 1973. 






Table 22, Statistics of the distribution of digitized brightness of 
19 September 1973 Skyiab-3 mul tispectrai photography of Block Island 
Sound. 

The digital brightness contours in both the 500-600 nm and 600- 
700 nm S-190A mu I ti spectra I images, as well as the average of both of 

5 

these bands, have been compiled Into the following three charts of Block I 

j 

Island Sound. I 

! 

■: j 

Figure 63 shows the digital density in the 600-700 nm band which, j 

represents total particles (and suspended solids) in the upper water layer. 

Superimposed on this chart are the average measured extinction coefficients 
in the red band acquired at eleven sampling stations. Figure 64 shows 
the similar computation for the 500-600 nm band, including "green band" 
extinction coefficients at the same eleven sampling stations. The average 
digital brightness for both these bands, along with the extinction co- 
efficient for the entire visible spectrum, is shown in Figure 05. 

A simultaneous comparison of these three thematic charts allows an 

i 

Interpretative analysis of the dynamics of Block Island Sound to be at s 

J 

EDT on 19 September 1973. '! 








Figure 64. S-I90A 500-600 nm mu I ti spectra I photo relative digital image 
brightness contour of Block Island Sound. Green band average ext (ret ion 
coefficients are shown within squares for eleven sampling stations (Frame 
No. 239). 










I 
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From Table 11—12 in Appendix A , one can see that a correlation 
exists between extinction coefficient and total particles with a linear 
correlation coefficient of approximately 0.75 (for particles above 5 
microns in size) for all sampling stations in Block Island Sound. 

From Table 11-5 in Appendix A, it is seen that the average spec- 
tral extinction coefficients are greatest in the red band, being approxi- 
mately twice as great as in the green band. 

This forms the rationale for establishing a vertical model of the 
mixing, using Figures 63 through 65 can be performed. 

— Water from the Peconic Bay system continues out along the 
south shore of Long Island into the ocean between Montauk 
Point and Block Island. Although on the surface this 
appears to be a uniform flow (Figure 63), we see that 
a complex sub-surface mixing pattern (Figure 65) exists. 

This water is more turbid than other water in Block 
Island Sound, having an average visible extinction 
coefficient of about ,38. 

— A water flow which is relatively homogeneous with depth 
can be seen to flow In a northwest-southeast direction 
from the Connecticut River estuary to Block island. 

This water lies underneath the water mass emanating 
from Peconic Bay and, consequently, is more dense. 

— Little, if any, sub-surface flow of Long Island water 
is occurring between Block Island and Point Judith. 

The practically identical contours between these two 
points show no vertical mixing taking place. 


t 


— A circular water mass which is homogeneous with depth 
exists off the shore which is bound on the west by 
Fisher's Island, on the north by the Rhode ‘si and 
coast, on the south by the Long Island Sound water 
mass, and on the east by the Rhode Island Sound water 
mass. 

Long Island Sound 

A second set of S-I90A black-and-white negatives (Frame No, 240), 
acquired on 19 September 1973 by Skylab-3 covering Long Island Sound, 
was also linearly digitized in registration to bring out the maximum water 
detail, ‘fie resultant digital brightness distribution of the processed 
imagery using MARKER, DIGIT, HISDGRAM, AREA, AND DISPLAY programs Is 
shown in Table 23 on the following page. 

A histogram of the digitized brightness levels in each of these two 
multispectra I photeqraphs of Long Island Sound is plotted in Figure 66 , 

. fie Expected Value and Standard Deviation of the distribution of brightness 
in these multi spectra I photographs is presented in "fibie 24 , also on the 
following page. 

An analysis of the System 800 color-coded digital outputs was made 
(photo copies of the color. "V output are presented In Figure 67), Figure 68 
is a relative digital image brightness chart of the 500-600 nm band and 
Figure 69 is a similar chart of the 600-700 nm band. A comparative analysis 
of these two figures, in conjunction with the average sum and differences of 
the image brightness of Long Island waters, shows the following: 
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D ig it i zed 
Grey Levels 

Color 

Code 

S-I9QA Bands 

500- 
600 nm 

500= 

700nm 

0-52 

Black 

26.76 

51.16 

33-64 

Red 

15.52 

9.00 

65-96 

Green 

18.04 

12.48 

97-128 

Ye 1 low 

19.10 

9.22 

129-160 

Blue 

1 1 .40 

8.10 

161-192 

Magenta 

3.92 

5,92 

1 93-224 

Cyan 

2.92 

3.28 

225-255 

White 

2.24 

0.70 


Tota 1 s 

99.90 

99.86 


'Sble23 i Digital brightness percent area classff icatiQn of $kyfab-3 
S — 1 90A black-and-white multi spectral images (Frame No* 240) of Long 
Island Sound acquired on 19 September 1973* 


Bands 

Mean 

Standa rd 

(nm) 

(X) 

Deviation 

500-600 

82.40 

57,6 

600-700 

1 _ 

63.36 

61.1 


T3ble24, Statistics of the distribution of digitized brightness 
of 19 September 1973 Skylab multispectra I photography of Long 
Island Sound. 
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The most turbid water in the sound at this time 
{4 1/2 hours pfter slack flood on 19 Sept. 1973) 
exists in New Haven harbor. There is no apparent 
change in turbidity, with spectral brightness. 

The visible extinction coefficient is estimated 
to be about .65, Indicating a large quantity of 
suspended sol ids. 

A targe counter-clockwise sub-surface gyre exists 
midway between tew Haven harbor and Herod Point, 

Long Island, Ti i s gyre is evident in the 500-600 
nm band in Figures 67 and 68, but is absent in the 
600-700 nm band in Figure 67. 

Little vertical mixing appears to take place west 
of Stratford shoal (midway between Bridgeport and 
Port Jefferson). The water west of New Haven Is 
clearer, similar to that east of the Connecticut 
River estuary. 

Turbid water entering the sound from the Connecticut 
River is overriding Long Island Sound water and being 
carried out into the middle of the Sound. 

A significantly turbid water mass occurs at Mattituck 
inlet, the source of which is an apparent upwelllng. 
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Briqh+ness Distribution 


S-I90A 500-600 nm band negative image 
of Long Island Sound taken 19 September 
1973. 
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Digital Brightness 


Figure 66. Histogram of digital brightness percent area classification 
of Skylab-3 S-I90A mu I ti spectra I photography of Long Island Sound acquired 
19 September 1973, 






500-600 nm Band 
Mu I ti spectra I Photograph 


600-700 rtm Band 
Mu I ti spectra I Photograph 


Average of 500-600 nm Band 
p I us 600-700 nm Band 


Average of 500-600 nm Band 
minus 600-700 nm Band 









Figure 69. 600-700 nm band relative digital image brightness chart of 

Long Island Sound made from S-I90A rnul ti spectra I photo (Frame No, 240). 
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Figure 70. 500-600 nm plus 600-700 nm band average digital brightness 

contour map of S-I90A mu I ti spectra I photography of Long Island Sound 
(Frame No. 240). 








i 


— A homogeneous, clear water mass is entering Long 

Island Sound between Plum Island and Fisher's Island 
(at the race). 

— Figure 7| indicates that two sub-surface discontinuities 
exist - one east of the Connecticut River estuary 
along the Connecticut River, the other lateral iy separates 
the northern half of Long Island Sound from the southern 
half. 

Martha's Vineyard and Nantucket Waters 

Black-and-white S-I90A multispectral negatives (Frame No. 131), 
acquired on 12 September 1973 by Sky lab 3 covering Nantucket Sound 
adjacent to Martha's Vineyard and Nantucket, was linearly digitized 
in registration to maximize water detail. Tie histogram of the distri- 
bution of digital brightness is tabuiarized on the following page. 

Figure 72 is a chart of the waters surrounding Nantucket and 
Martha's Vineyard, upon which has been annotated approximate water depths 
in the area. 

Black-and-white reproductions of the linearly digitized negatives 
in both the 500-600 nm and 600-700 nm bands are shown in Figures 73 and 
75 . Water detail in the 500-600 nm negative is separated into five 
brightness classes and in the 600-700 nm negative, the separation of 
water detailsis separated into six classes of brightness. Each class 
contains five brightness bits (32 brightness units). 
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Digitized 
Gray Levels 

Color Code 

S-l« 

500-600 nm 

90A Band 

600-700 nm 

0-32 

Black 

5.06 

13.10 

33-64 

Red 

3.28 

2.50 

65-96 

Green 

5.70 

4.24 

97-128 

Yel low 

9.78 

12.40 

1 29- 1 60 

Blue 

11.74 

30.72 

161-192 

Magenta 

21.46 

30.68 

1 93-224 

Cyan 

32.40 

4.08 

225-255 

White 
■feta Is 

10.46 

99.88 

2.18 

100.90 


■fable 25, Digital brightness percent area classification of Skylab-3 
S-I90A black-and-white mul tispectra I photographs (Frame No. 131) of 
Martha’s Vineyard and Nantucket waters acquired on 12 September 1973. 


"he resultant color-coded outputs of both these bands, as well as 
the average of the sum and difference of both bands, is shown in Figure 77, 
In order to facilitate analysis, these color-coded outputs of the input 
S-I90A negatives have been transformed into positive brightness and compiled 
into four charts (Figures 78 through 81 ). 

"he following interpretive analysis is performed using these four 
compiled brightness charts: 

— Nantucket Sound at this time (1311 EDT on 12 September 
1973) contained a homogeneous and relatively clear body 
of water extending from Vineyard Sound in the west to 
passage between Monmoy and Nantucket Islands in the east. 

Usable extinction coefficient is estimated to be .25. 

— A considerable amount of turbidity (and associated sus- 
pended particles) exists in Nantucket Sound, along the 
south shore of Cape Cod and along the north shore of both 
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Figure 73, Digitized S-I90A 500-600 nm band mul ti spectra I negative of 
tentucket and Martha's Vineyard's waters with frequency distribution of 
brightness (0 at top and 255 at bottom of vertical line). 


Water Deta i I 


Land Deta i l & 
Clouds 


128 |i 

Digital Brightness 


Figure 74. Histogram of digital brightness perceni area classifications 
of Sky lab 3 S-I90A 500-600 nm mu 1 1 i spectra I negative of tentucket and 
Martha's Vineyard waters taken on 12 September l Q ~3 at 1311 EDT (Frame 
No. 131 ). 


Percent of Image Area 



Figure ?5 # Digitized S-I90A 600-700 nm band mu I ti spectra I negative of 
Nantucket and Martha’s Vineyard waters. Frequency distribution of bright 
ness is shown with 0 at top and 255 at bottom of vertical line. 


Water Detai I 


Land Detail 


& Clouds 


Figure 76. Histogram of digital brightness percent area classification of 
Sky lab 3 S-I90A 600-700 nm mu I ti spectra I negative of Nantucket and Martha’s 
Vineyard taken on 12 September 1973 at 1311 EOT (Frame No. 131). 
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500-600 nm Band 
Mu I ti spectra I Photograph 


600-700 nm Band 
Mu I ti spectra I Photograph 




Average of 500-600 nm p I us 
600-700 nm bands shown above. 


Average of 500-600 nm mi nus 
600-700 nm bands shown above. 


Figure 77, Color-coded "System 800" output showing digitally processed 
S-I90A black-and-whi to mu 1 1 i spectra I photoqraphs of Nantucket and Martha’s 
Vineyard waters taken by Skylab-i on 12 September 1973 (Frame No. 131), 
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Nantucket and Martha’s Vineyard. This turbid 
water appears homogeneous since a comparison of 
the brightness contours for both the 500-600 nm 
and 600-700 nm band charts show that they have 
approximately the same spatial locations. Tie 
water depth in these areas is apparently 30 feet 
and little bottom effect is believed evident. 

A large turbid plume of water extends south out of 
Katama Bay between Martha's Vineyard and Chappaqu i dd ick 
Island (there is also some effect of cloud shadows in 
this area). Lack of uniform mixing with depth of this 
plume in Muskeget Channel is evident by a comparison 
of Figures 73 and 80. 

Sub-surface discontinuities in brightness are indicated 
off-shore of Nantucket Island in Nantucket shoals. This 
is bel ieved to be caused by phytoplankton. 
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8, Digital brightness map of the S-I90A 500-600 nm mu 1 1 (spectra I 
rame No. 151) of Nantuckot and Martha's Vineyard waters. 
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Section 9 
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Comparative Photographic Analysis 
of S-192 Multi spectra I Scanner Data 
and S-I9QA Multispectra 1 Photography 

An analysis was performed of S-192 thirteen-channel mul tispectral 
scanner data acquired over the Martha's V i neyard-Nantucket area during 
Sky lab-3 pass on 12 September 1973. The scanner data for each band was 
reproduced onto five-inch black-and-white film. The results are shown in 
Figures 82 and 83 . 

A casual glance at these images clearly shows that a great deal 
of noise is evident in the imagery. In order to perform an interpretation 
which could be compared with the S-I90A data, image brightness charts 
were compiled. These ten charts appear in Figures 84 through 93 

The following is a comparison of the effectiveness of each band 
in depicting whatever characteristics which were determined to be present 
by interpretation of S-I90A digital brightness charts produced by the 
System 800. 

Turbid water in the shallow parts of northern Nantucket Sound is 
detected in the six bands between 410 and 760 rum, as well as the 980-1080 
nm band. 

The extent of suspended solids emanating from Katama Bay, between 
Martha's Vineyard and Chappaquiddick Island, is best detected in the 
520-560 and 560-610 nm bands. 

Surficial phytoplankton activity south of Nantucket Island is 
detected in , ne 620-670 nm band, 680-760 nm band, 780-880 nm band, and 
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560NM - 6I0NM 


520 NM - 560NM 


620NM * 670 NM 


780NM - 880NM 


Figure 82. Black-and-white reproduction of 5-192 scanner data of the 
Martha's V i neyard- Nantucket area. 





980NM- 1080NM 


10-12 MICR0N5-THERMAL 


2100NM- 2350NM 


Figure 83. Black-and-white reproduction of S-192 scanner data of the 
Martha's V i neyard-Nantucket area. 
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Figure 85, S-192 Image brightness chart of mu 1 1 i spectra I scanner 460- 

510 nm band acquired 12 Sept. 1973 at (311 FDT of Nantucket and Martha's 
Vineyard, 
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Figure 86, S-192 image brightness chart of mul tispectral scanner 520- 

560 nm band acquired 12 Sept. 1973 at 1311 EOT of Nantucket and Martha's 
V i neyard. 



Figure 87, S-192 image brightness chart of mul tfspectra I scanner 560- 

6(0 nm band acquired 12 Sept, 1973 at 1311 EDT of Nantucket and Martha 1 ' 
Vineyard. 





Figure 88, S-192 Image brightness chart of mul tispectral scanner 620- 

670 nm band acquired 12 Sept. 1973 at 1311 EDT of Nantucket and Martha's 
Vi neyard. 



Figure 89, S-192 image brightness chart of mui ti spectral scanner 680- 

760 nm band acquired 12 Sept, 1973 at 1311 EDT of Nantucket and Martha's 
Vineyard. 






Figure 90. S-192 image brightness chart of multispectral sea 
880 nm band acquired 12 Sept. 1973 at 1311 EDTof Nantucket a 
Vineyard. 



Figure ‘)| . S-192 imago brightness chart of m 

1080 nm band acquired 12 Sopt. 1973 at 1311 LI 
V I nuyai d. 
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Figure 92. S-192 image brightness chart of mul tispectral scanner 1550- 

1750 nm band acquired 12 Sept, 1973 at 1311 EDT of Nantucket and Martha* s 
V i neyard. 



f Igure S-|y2 Image brightness chart of mul tispectral scanner thermal 

band acquired 12 Sept. 1973 at 1311 LOT of Nantucket and Martha's Vineyard. 
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980-1080 nm band. 

Image characteristics which were unsuspected from a. analysis of 
the S-I90A data appear in the 1550-1750 nm and the I0-I2y bands. From 
Figure 92 t significant patterns of phytoplankton activity are present 
in the Atlantic Ocean, southwest of Martha's Vineyard. Tie thermal band 
shows also a lack of homogeneity in the surface water temperature of this 
area . 

S-I90A Multispectra I Photography 

An interpretation of S-I90A mu I ti spectra I photography, acquired the 
same time as the S-192 scanner data, was performed using an additive color 
viewer. Figure 94j S a color composite photo copied from the viewer screen. 
Photo interpretation of this imagery from the viewer screen 

showed: 

Turbid water in Nantucket Sound could be differentiated 
from clear water, as could the effluent emanating from 
Katama Bay. 

— Surface phytoplankton in the Nantucket shoals could be 
readily detected and plotted. 

The water features appearing in the S-192 1550-1750 nm 
and 10-12 Mbands did not appear in the S-I90A multi- 
spectral photography. 

"he same water area contained greater detail near the 
sub-solar point (in the lower left of the S-I90A images) 
in adjacent frames when the same area was imaged at 
other locations in the image. 
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Figure 94, S-I90A additive color composite of northern Block Island 
Sound showing Martha's Vineyard and Nantucket Island, taken on 12 Sept. 
1973 at 1310 EDT, 500-600 nm band is imaged as blu^ 600-700 nm band 
as greer^ and 800-900 nm band as red. 
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Percent Directional Reflectance 


A program of obtaining spectral reflectance measurements in situ in 
the Wiilcox Playa, Arizona, shows that the surface of the playa has rela- 
tively uniform percent spectral reflectance from 400 to MOO nm. Tiis 
uniformity exists throughout the center of the playa. Tie reflectance 
spectra is shown in Figure 95 below. 



Figure 95 . Average in situ spectral reflectance of the central portion 
of Wi I Icox Playa . 






Analysis of the S— 1 9 1 spectrometer data, with simultaneously acquired 
fr*'l ir radiance mo.v'.urnmonf s and correspond 1 nn radianro calm Inf ion*, 
using averaqe percent reflectance data (Figure 95 ) f resulted in the '‘factors 
of correspondence" shown in Figure 96 below. tils curve transforms S-J9J 
data Into Irradiance data tor any ground object which, in turn, can be con- 
verted into reflectance spectra if the incident radiance is known. 



Fiqure 96. Factors of correspondence between S-|9i spectrometer data 
and the spectral reflectance of desert terrain. 

Tie relationship between S-I9I data and terrain irradiance shown 
in Figure 96 above depends on atmospheric conditions which exist at the 
time tha S-I9I data is acquired. The factors of correspondence which were 
derived are associated with atmospheric optical depth as shown in Figure 97 
on the following page. 
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Figure 97. Atmospheric optical depth associated with the factors of 
correspondence in Figure 96, 

Digital measurements of S-I90A black-and-white muitispectra i nega- 
tive image densities of desert terrain, using the System 800, showed that 
densities in the four bands were not uniform. Analysis of 294,912 eight-bit 
pixels showed that the 600-700 nm images were most dense (x=65. 8), followed 
by 700-800 nm (x=|32.9), 500-600 nm (x=|53.|), and 800-900 nm bands (x=l83.4) 
in descending value of density, fhe standard deviation of image density 
was within the range s=35,i to s=50.0 for all four bands. 

Measurements of S-J90A image densities of uniformly reflecting 
Willcox PJaya within and out of shadow, along with bright cloud tops, showed 
extreme variability of the average image densities between the four bands. 
Assuming a uniformly reflecting surface of Willcox Playa (which is supported 
by in situ spectral reflectance measurements) the difference in reflectance 
of the playa in shadow and in sunlight, due to atmospheric scattering (for 
identical film processing), showed the greatest screen brightness range in 


the 600-700 nm band and the least in the 000-900 nm band. 

A detailed analysis of all 294,912 eiqht-blt pixels of the north 
end of the playa digitized from S-I90A black-and-white Imagery showed 
significant differences existed in the average image density of an assumed 
uniformly reflecting surface. As was ascertained for desert terrain 
previously, the 600-700 nm band had the greatest density. However, for 
the playa itself, the 500-600 nm band replaced the 700-800 nm band as 
being second most dense; otherwide, the data were unchanged. 

Underf light AMPS black-and-white mujtispectral imagery of the same 
area of Willcox Playa also indicated significant non-uniformities on the 
playa and that the 600-700 nm band density was significantly greater than 
in both the 800-600 nm and 700-800 nm bands. 

Procedures were perfected whereby positives could be made from each 
Skyiab S-I90A negative to a different (yet precisely established) character- 
istic curve. The resulting additive color composites showed significantly 
improved detail in land features. Figure 98, on the following page, shows 
a comparison of the negative-positive densily relationships between 
"conventionally” processed and "contrast-stretched" S-I90A negatives and 
positives. 

Comparative analysis using an additive color viewer showed that 
significantly more geological information could be extracted from contrast- 
stretched mu 1 1 i spectra J images compared to those conventionally processed. 

A significant number of unmapped geologic units in the Sulfur Springs Valiey 
in southeastern Arizona were compiled from contrast-stretched imagery. 
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Figure 98. Negative-positive density relationships of "conventionally" 
processed and "contrast-stretched" S-I90A black-and-white multispectral 
photographs. 

Part B: tie Fearioility of Utilizing Sky jab Remote Sensor Data to Monito r 

and Manage the Coastal Environment 

"Baseline" physical, chemical, and biological oceanographic data 
were collected in Block Island Sound (New York) and in New York Bight prior 
to Skylab 3. These data collected on twenty-four cruises showed that: 
Vertical temperature gradients are governed by vertical 
mixing and diffusion between a surface layer of harbor 
or sound water and a bottom layer of coastal water. 

— Maximum temperatures occur in August and minimum in Feburary. 

— Salinity regime is regulated by stream discharge into 
Long Island Sound and by the Hudson River for New York 
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Bight with a one-month iag between maximum stream 
discharge and salinity minimum in both Long Island 
Sound and Block Island Sound, as well as New York 
Bight. 

A two-layered system exists in the central part of 
Block Island Sound with a surface layer composed of 
less saline Long Island Sound water and a bottom 
layer of saline coastal water. 

the average extinction coefficient in Block Island 
Sound is 0.335 and in New York Bight 0,663. 

Blue band extinction coefficient is 0.400 for Block 
Island Sound and 1.048 for New York Bight. 

Red band extinction coefficient Is 0,554 for Block 
Island Sound and 0,876 for New York Bight. 

The maximum wavelength of radiation transmission 
increases with increasing turbidity. 

Average extinction coefficients are correlated with 
total particle count for particles over 5y in size. 

In Block Island Sound, the supply of nitrogen is limited 
and nutrients are quickly utilized by phytoplankton, 
in Block k<and Sound, chlorophyll a. concentrations ranged 
between ,85 and 9.4 mg/m 3 . 

there exists a high correlation between phytoplankton and 
suspended particles (greater than 10. 7u in size) in Block 
Island Sound indicating that phytoplankton contributes 
largely to the suspended material there. 
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— A low correlation exists between phytoplankton and 
suspended particles (greater than 10, 7y in size) in 
New York Bight, probably due to the disposal of sewage 
si udge. 

— The largest phytoplankton opopulation occurs in the 
Peconic Bay-Gardners Bay region of Block Island Sound, 

Sparse phytoplankton population exists in central and 
southern Long Island Sound and in central Block Island 
Sound . 

Oceanographic data was collected simultaneously with Sky lab-3 
overpass at the Shagwong Reef area of Block Island Sound on 12 September 
1973. This data showed that a plume exists which is caused by seasonal 
biological phenomena composed principally of organic material, but not due 
to bottom scouring action. The difference in extinction coefficients 
between water •types at Shagwong Reef (measured at the instant S«-I90A 
imagery was acquired) was -0.07 per meter (-0,33 versus -0.26). At the 
surface, the suspended solid difference was 0.60 mg/I (2.79 versus 2,19), 
total particle differerre 21 x JO 6 per liter (206 vs. 185 x )0 6 ), and total 
cell count different 4.7 x I0 3 per liter (|5.2 versus 10.5 x |0 3 ), 

S-I90A multi spectra I positives which are "convent iona I ly" prepared - 
that is, are exposed and processed so that a linear relationship with minus 
unity slope, exists between the negative and the positive results in greatly 
reduced contrast detail in the water. A procedure whereby each black-and- 
white S-I90A multispectral negative is exposed and printed, emphasizing subtle 
low brightness detail in the water, was developed. "his "contrast-stretch" 
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procedure, which is useful for three of the four mu! tispectral photographic 
bands, results in the following density ranges; 

500 - 600 nm Band .33 to 1,92 

600 - 700 nm Band .14 to 1.19 

700 - 800 nm Band .45 to .91 

Using these "contrast-stretch" techniques, two water masses having 

an extinction coefficient difference of 0.07 (i.e., -0.26 vs, -0.33 per 
meter) were readily detected. Tiese water masses which were differentiated 
had differences in suspended solids of 0.6 milligrams per liter (2.19 mg/I 
vs. 2.79 mg/|) and differences in total particle count of 21 x 10® particles 
per I iter (185 vs. 206 x I0 6 /J). 

Non-homogeneous vertical stratification of Block Island Sound waters 
could be detected by the sharpness of image density boundaries in contrast- 
stretched 3-I90A black-and-white images. Differences In suspended solids 
of one , ill igram per liter at depths between seven and ten meters were the 
only significant indicators sampled simultaneously with the imagery which 
showed lack of homogeneity with depth. Tiese differences could not be 
detected on S-I90A color nor on S-I90A color- infra red photography. 

Visual photo interpretation of S-I90B color Imagery showed that, 
contrary to existing tidal current charts, two large counter-clockwise 
gyres exist In Long Island Sound, Areas of upwelling at Mattituck inlet 
could also readily be detected in the imagery. These circulation patterns 
are hypothesized to be due to strong prevailing winds occurring offshore. 
Additive color analyses of S-I90A mul tispectral black-and-white imagery 
readily showed sewage sludge dump areas in New York Bight, Tiese areas 
have suspended solids in the order of 20 milligrams per liter. 
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Digitization of S-I90A mu it i spectra I negatives in registration, 
along with subsequent single and multiple imaqe classification of image bright- 
ness, assisted in establishing a vertical model of the mixing of water 
masses in Block Island Sound showing that: 

— Complex sub-surface mixing patterns could be detected 
by comparison of 500-600 nm and 600-700 nm single 
band brightness contours combined with the brightness 
contours of the average of these two bands. 

— Homogeneous water flows were shown by similarity in 
the digital brightness contours of different S-I90A 
spectral bands. 

— The spatial distribution water mass existing off the 
Connecticut shore in Block Island Sound could be 
detected. 

Water turbidity, coupled with circular gyres, was plotted in Long 
Island Sound using digital processing techniques on the S-I90A mu I ti spectra I 
photography. Extinction coefficients were assigned to different water masses 
and vertical mixing characteristics identical to those derived from photo- 
interpretation of the imagery were established. The existence of sub- 
surface water discontinuity east of the Connecticut River estuary was 
detected . 

Similar digital analysis of S-I90A multispectra I images was performed 
on Nantucket Sound, Clear and turbid water masses were differentiated and 
values of extinction coefficient assigned. Areas of heavy phytoplankton 
concentration were established based upon the relative brightness contours 
in the single and multiple image brightness maps. 
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Comparative analysis of S-J92 multispectra I scanner Imagery with 
S-I90A multispectra I photography was performed in the Nantucket coastal 
area. Significant noise was apparent In the S-192 photographic data 
products which hampered analysis. In general, the only two S-I92 bands 
which showed water detail which was not apparent in the S-I90A multi- 
spectra I imagery were the 1550-1750 nm and |0-I2p bands. 
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INTRODUCTION 

This section concerns itself with the physical properties of the water, in particular, its 

temperature, salinity, density, optical characteristics, and tidal currents, n 

The distribution of the physical properties of the waters of Block Island Sound has been 
reviewed by Williams (1964) and is the most comprehensive to date. 

In the New York Bight area, the physical properties of the waters and their seasonal and 
diurnal variations have been reviewed by Hollman (1971). 


METHODS j 

j 

I 

s 

Temperature, salinity, and calculated density values were obtained at multidepths for most 
stations sampled in Block Island Sound. Only surface salinity samples were taken on the 

New York Bight cruises. { 

] 

When stations were sampled more than once per cruise, averages of temperature, salinity, 

! 

and density (Sj) were calculated at standard depths of 0, 10, 20, 30, 35, and 40 meters. j 

Flood and ebb averages of these parameters were also calculated over each cruise. Hori- j 

zontal profiles (contours of t* C, SV 00 , and 6( in depth versus distance) were made for each 
crossing of a transect. 

The downwelling irradiance of the visible spectrum was measured at each station in Block 
Island Sound using an upward-facing irradiance meter (submarine photometer), com- 
prising a photocell and cosine collector equipped with glass filters. 

The extinction coefficient, k, for these light values is defined by the equation: 

I(z) = l(z=0) exp - kz (1) 


where l(z=0) is the total visible light energy in a particular wavelength band that is 


incident upon the naviface, I(z) is the remaining light energy at the depth z(m), and k 
is the total “extinction” coefficient for the particular wavelength band in units of m" 1 . 

On most cruises, irradiance measurements were taken as near to noon as possible at each 
station. Linear regression analyses were performed and correlation coefficients calculated 
for data sets using total particle counts and average extinction coefficients for each of the 
Block Island Sound and New York Bight stations. 

Regression analysis and correlations were also calculated between monthly freshwater 
discharge into Long Island Sound and the monthly surface and bottom salinity values at 
the Block Island Sound stations. Dilution factors, D, defined by: 

D =(AS/S) x 100% (2) 

where AS is the annual range and S the mean salinity at a station, were also calculated. 


RESULTS 

Block Island Sound: Distribution of Temperature. Salinity, and Density 

Fundamental to an understanding of the temperature and salinity fields is a picture of 
their annual variations, both in space and time. In other words, an instantaneous picture 
of the temperature or salinity field can be placed in a better perspective with a foreknowl- 
edge of the annual variations that can be expected. Such annual variations of temperature 
and salinity for the 12 stations in Block Island Sound are tabulated in Table II-l through 
II-3 in the appendix to this section. 

As readily seen in the tables, the warmest month in all cases is August, with temperatures 
of approximately 19 s C, and the coldest month is February, with temperatures of approxi- 
mately 2°C. These results agree with previous results obtained in Block Island Sound. 
These data are graphically displayed as a function of time in Figure II-l through H-3 in the 
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same transect order as found in the tables. The lower portion of each figure shows the 
variation of both surface and bottom (where applicable) temperatures in ° C over the year. 
The upper portion shows the variation of both surface and bottom (where applicable) 
salinity jn parts per thousand (*/„,,) over the same time period, together with the mean 
monthly values for the Total Stream Discharge (SD) into Long Island Sound in cubic feet 
per second (cfs) as provided by the U.S. Department of the Interior, Geological Survey, 
Water Resources Division in Hartford, Connecticut. 

The temperature profiles show that the average surface waters are warmer than the bottom 
waters during the warm months and cooler than the bottom waters (inversion) during the 
coldest months of January and February. This is again typical of the temperature regime 
in Block Island Sound. 

An examination of the salinity profiles shows that the bottom waters are consistently more 
saline than the surface waters. This is typical of estuaries. The figures also show that a good 
inverse correlation exists between the surface salinity and the total stream discharge at 
approximately a 1-month lag. The stream discharge is an important factor in the annual dis- 
tribution of salinity in Block Island Sound. 

Monthly values of the averaged surface temperatures, salinities, and corresponding densities 
(o^) for each station in Block Island Sound are plotted as a function of distance (station 
location) and shown in Figure II-4. The solid curves are the average surface salinity dis- 
tributions across the transects for the various dates, the dashed line is the accompanying 
surface temperatures, and the broken dashed line the corresponding densities. 

In general, the iowest salinities are found at Station HI of the H transect and HB1 of the 
HB transect, both by Montauk Point (Figure 1-1). On the H transect, the most saline waters 
are found by the Rhode Island shore at Station H4. The highest salinities on the HB transect 
are located at Station H5 by Block Island. There is no apparent preference for either high 
or low saline waters on either end or the center of the BR transect. High-low salinity values 
appear to alternate between the southern end (BR1), the middle (BR2), and the northern 
end (BR3). 


There does not appear to be any significant temperature difference across the transects. 



That is to say that, on the average, over a tidal cycle, the surface waters are nearly iso* 
thermal on each transect with little difference from one station to another. The in- 
ference to be drawn is that the average surface temperatures over a tidal cycle are a rel- 
atively poor indicator of water masses, whereas the corresponding salinity averages do 
show the existence of different water types. 

The average surface density distribution over a tidal cycle is largely governed by the salinity 
distribution, since the temperatures are, for practical intents, isothermal. 

Three water masses can be inferred from these figures, particularly along the H and HB 
transects: significantly fresher and lighter (less dense) waters along the Long Island 

shore at Montauk that originates in the Peconic Bay System, a water mass in the middle 
of these two transects that is largely Long Island Sound water, and a water mass to the 
north offshore of Rhode Island that is significantly more saline and denser that has its 
origin in Rhode Island Sound to the east. This water mass also occupies most of the BR 
transect between Block Island and Point Judith, Rhode Island (Figure 1-1). 

The monthly variations in temperature and salinity from one figure to another are images 
of the distributions shown in Figure II- 1 to 3. As indicated above, the average surface 
density, as represented by o t ,is depended i; ; the salinity field. However, the annual 
variation in density is largely dependent upon the annual temperature variation. The ver- 
tical density structure is most stable in summer, with warmer and therefore lighter water 
overlying cooler and denser waters. In winter, however, the density .tructure is nearly 
uniform from surface to bottom, and in some brief instances cooler and denser water may 
be found to overlie warmer and slightly lighter waters. This is an unstable situation that 
generally leads to convective overturning, producing a well mixed and homogeneous water 
mass. 

Horizontal isopleths of average values taken over half-tidal cycles (flood/ebb) for representa- 
tive summer and winter cruises along each transect are shown in Figure II-5 through II-7 
as a function of depth and distance (station position). The apparent absence of any signif- 
icant difference in the distribution of temperature, salinity and particularly Oj between 
flood and ebb conditions either in summer or winter, along the H transect (Figure II-5), 
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the HB transect (Figure II-6), or the BR transect (Figure II-7), is most surprising. A 
change of 180° in the flow of these waters between tidal currents was expected to produce 
at least a measurable change in the slopes of the 150 isopycnal surfaces, from an upward 
slope from north to south during a flood tidal cycle to a downward slope during an ebb 
cycle. The slope for all three variables is persistently downward when going from north to 
south (from right to left in each figure) regardless of the stage of the tidal cycle or the time 
of the year. 

The most striking changes occur in the temperature distributions between the summer 
months and the winter months. Vertical gradients are approximately 5° C for the entire 
water column during the summer and less than 1°C during the winter months. 

It is apparent from these figures that the tidal flow alters the values of the various variables 
such as temperature and salinity through advcctive processes, hut does not appreciably 
alter the slopes of the isotherms or the isohalines. This implies that the horizontal 
gradients of temperature and salinity are virtually unaffected by changes in the direction 
of the tidal flow. 


Optical Properties 

Values for the extinction coefficients defined by Equation 1 over a wavelength band com- 
prising the visible spectrum (white light) are tabulated in Table II-4 in the appendix to this 
section for each station in Block Island Sound. The magnitude of the coefficients is 
related to the amount of suspended particles and dissolved materials in the water column 
and is, in effect, a measure of the turbidity of the water. As can readily be seen in the 
table, particularly from the averages from each station, the highest extinction values, and 
consequently the waters with the greatest turbidity, are those stations by Montauk Point 
(HI and HB1), by Block Island (HB5 and BR1), and by Rhode island (H4 and BR3). 
These areas with high extinction coefficients coincide with areas of high turbidity, parii 
cularly around Montauk Point and Point Judith, Rhode Island, as determined from 
visual inspections of ERTS-1 imagery. The clearest waters are generally found near the 
center of each transect (Station H2, H3, HB3, HB4, and BR2). 


The depth to which 1% of the visible radiation energy incident at the naviface penetrates 
can be determined from Equation 1, using the average station values for k from Table 11*4. 
This depth represents the compensation depth beiow which energy produced by photo- 
synthesis is counterbalanced by that energy that is used up by respiration. Major photo- 
synthetic activity* therefore* takes place above this level. For the H transect, these levels 
occur at 12.1m, I5.4m, 18.4m, and 17.7m for Station HI through H4 respectively; for the 
HB transect, the levels are 12.8m, 14.4m, 14.8m, 15.9m, and 12.4m for Station HBI 
through HB5; for the BR transect, the depths for the compensation level are 12.4m, 
13.2m, and 10.0m for Station BR1 through BR3 respectively. The shallowest depth 
(10.0m) occurs at Station BR3 at Point Judith, Rhode Island, generally also the most 
turbid area in the ERTS imagery for Block Island Sound 

Extinction coefficients in the blue, green, and red spectral bands for the Block Island Sound 
stations are tabulated in Table II-5 of the appendix. The blue band has a maximum 
transmission of 87% between approximately 300 nm and 550 nm; the green band trans- 
mits a maximum of 65% between 460 nm and 660 nm, and the red band transmits a maxi- 
mum of 85% between 500 nm and 720 nm. As the averages for each station show, the 
maximum extinction is found in the red band, as would be expected, the minimum in the 
green, and a secondary maximum in the blue. These conditions art* typical for mean coastal 
waters (see for example, Sverdrup, Johnson and Fleming, 1942, Fig. 20, pg. 8 Z), Here 
again, the higher extinction values in all wavelengths are found at the stations closest to 
land, as was the case for the extinction coefficients for the visible spectrum. 

Compensation depths using average spectral extinction coefficients from Table II-5 were 
calculated and tabulated in Table IT6 (appendix). The .shallowest depth (6.8m) is in t lu- 
red band for Station HBI off Montauk Point. The greatest depth of 18.4m in the green 
band occurs at Station H3 and BR1. 

In general, the clearest waters are found along the H transect* The average transmittance 
per meter along this transect is 74.3%/m for the visible spectrum band, and 72.8%/m for 
the blue, 77.1%/m for the green, and 62.7%/m for the red band. The most turbid water 
over the visible spectrum band in along the 3R transect, with an average transmittance of 
67.5%/m. In comparison, the average transmittance for the HB transect in visible bands 
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was 71.9%/m* Over the blue and green spectral band, the most turbid waters were along 
the OB transect, where the average transmittance values were 63.8%/m and 72.2%/m 
respectively. The lowest transmittance values in the red band were from the BE transect, 
with an average value of 54.7%/ m. 


interpolated Parameters 

Surface values of temperature, salinity, chlorophyll a, total particle count, and extinction 
coefficients were interpolated to coincide with the time of the satellite overpasses on 8 
October 1972 and on 19 March, 24 April, and 17 June, 1973. The phases of the tidal 
cycle at the time of the overpass were used to find the corresponding interpolated times 
from data obtained from cruises closest in time to the overpass. This is possible since 
the data acquired on each transect generally covers a tidal excursion during each season 
of the year. We have, therefore, the variation of any parameter in space and time over a 
tidal cycle for each period of the year. 

The results of such interpolations, or estimations, are tabulated in Table II-7 of the appen- 
dix. in the case of _ne extinction coefficients, k, the iatio of particle counts to extinction 
coefficients for the preceding cruises was employed to calculate the values found in the 
table. 


New York Bight: Distribution of Temperature and Salinity 

Surface values of temperatures and salinity for the nine stations within the apex of the 
New York Bight (Figure 1*2) are tabulated in Table 11-8 in the appendix. As can be seen 
in the table, the most saline waters are found at the easternmost stations, i.e-, B1 and 
B9. In winter, these two stations are also the warmest, and in summer (May) the coolest. 
The least saline waters are found to the west (B3), representing the combined waters of 
the Hudson and Raritan rivers that have mixed with the harbor ivaters and are exiting along 
the Sandy Hook side of the harbor entrance. 


Optical Properties 


Extinction coefficients (Equation 1) for the stations in the New York Bight are tabulated 
in Table II-9 in the appendix together with the compensation depth calculated from the 
individual station averages. The clearest (least turbid) waters are found the furthest 
offshore at Station B6. The value at B6 (0.47) is still almost a factor of 2 greater than the 
corresponding values at Station H3 (0.25) in Block Island Sound and is, in fact com- 
parable to the most turbid station, BR3, that had an average value of 0.46 (Table II-4). 
The most turbid waters are those off of Sandy Hook (B3). 

The compensation depths for the stations in the Bight range from approximately 4m to 
9tn as compared to an approximate range of from 10m to 18m in Block Island Sound, 
almost a factor of 2 less. 

The average spectral extinction coefficients for the stations in the Bight are tabulated in 
Table 11-10 (appendix), with station averages for each color band and associated compen- 
sation depths. The band of maximum extinction is now in the blue band and the secondary 
maximum in the red, indicating more .urbid waters. The band of least extinction is still 
in the green. A shift in the wavelength of maximum penetration from the blue-green band 
tc the orange-red band is expected with an increase in turbidity (see, for example, Sverdrup 
et al 1941, pg. 84). The compensation depths for these average spectral values are approxi- 
mately half of the corresponding values from Block Island Sound. 


Summary 

These results are summarized in Figure II-8 through 11-10. Each figure shows the isopieths 
for surface temperature, salinity, -kr and total particle counts for 20 December 1972 
and 25 January and 31 May 1973 respectively. 
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DISCUSSION 

The annual temperature regime \ithin Block Island Sound end the New York Bight io 
largely governed by solar radiation and correlates with the mean month temperatures in 
the atmosphere, lagged 1 month. For example, maximum air temperatures occur in July, 
minimum temperatures in January. For these waters, the maximum temperatures occur 
in August, the minimum in February. Vertical temperature gradients are largely governed 
by vertical mixing and diffusion between a surface layer composed of largely Harbor and 
Sound water and a bottom layer of coastal water. 

The annual salinity regime is mainly regulated by the stream discharge entering Long Island 
Sound and New York Harbor. The two major sources of this stream discharge are the 
Connecticut River for tire Sound and the Hudson River for the Harbor. There is also 
appro ximately a 1 -month lag between maximum stream discharge and the corresponding 
salinity minimums (Figure II-l through II-3). 

Linear correlations at a 1 -month lag and dilution factors, D, as defined by Equation 2, 
were calculated for Block Island Sound and are tabulated in Table II- 1 1 in the appendix. 
The highest correlations occur at the center stations of the H and HB transects and the 
weakest correlation occurs at Station BR3 (55%). Weak correlations at depth (30m) 
imply a two-layered system, with a surface layer that is composed of less saline Long 
Island Sound waters and a bottom layer of saline coastal waters. Vertical mixing and 
diffusion is relatively weak in Block Island Sound, as indicated by these high correlations 
and dilution factors. 

Average tidal flood and ebb currents for Block Island Sound are shown in Figure 11-11. 
With velocities of greater than 1 knot along most transects, one would expect a shift in the 
slopes of the isopycnals with a change in the direction of the tidal flow (Figure B-5 to 
If-7). The only exceptions are the uppermost isopycnals between Station HB2 and HB3 
(Figure II-6), where a slight change in slope can be noticed between the flood and ebb 
cycles. In general, the fact that the isopycnals slope upward from left to right implies a 
net flow of water in the ebb direction. 


I 


The average extinction coefficient for Block Island Sound in the visible spectral band was 
0.335, as compared to a mean value for the New York Bight of 0.663, almost a factor of 

■ : 

2 greater. The mean value for the blue band is 0.400 in Block Island Sound and 1,048 J 

in the New York Bight; for the red band, the value is 0.554 and 0.876 in the Sound and 1 

the Bight respectively. The disparity in these two wavelength bands dramatizes the shift 
of the peak of maximum transmissivity from shorter to higher wavelengths with in- 
creasing turbidity. 

The average extinction coefficients for each transect in Block Island Sound were correlated 
with total particle counts as determined with a Coulter Counter (to be discussed in Section 
IV) and for particle counts greater than 5p in equivalent diameter. The results arc tabulated 

in Table 11-12 in the appendix. Highest correlations occur with particles greater than 5p j 

but less than 10p in size. Similar results obtain for the Bight stations, as can be seen in 1 

Table II- 1 3 (appendix). These results reflect nonselective attenuation, particularly j 

: ] 

absorption, since the lower limit of the total particle count is approximately 0.7p in 
equivalent size (see Section IV), so that selective or Raleigh scattering is not included in 
these calculations. The correlations would be significantly improved if the resolving power 
of the Coulter Counter could be increased; however, this is an engineering design problem 
that hopefully will be resolved in the future. 
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TABLE II -2 


l... - 


Average monthly values of temperature and salinity in the HB transect 
of Block Island Sound (1972-1973) 
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TABLE 11-3 

Average monthly values of temperature and salinity in the BR transect 
of Block Island Sound (1972-1973) 
















































Average extinction 


a) H Transect 


Date 

Cruise 


HI 

20 Mar 1973 

K7310 

0.42* 


K7318 

0.35* 

Averages 

0.38 


^Extrapolated 


b) UB Transect 

L.. - T' 


Date 

Cruise 

HB1 

29 Aug 1972 

K7218 

0.39 

24 Apr 1973 

K7318 

0.36 

25 Apr 1973 

K7310 

0.35 

19 Jun 1973 

K7336 

0.33 

Averages 

0.36 


c) BR Transect 


Date 

Cruise 

BR1 

5 Sep 1972 

K7219 

0.35 

16 Nov 1972 

K7232 

0.40 

19 Mar 1973 

K7310 

0.32 

20 Mar 1973 

K7311 

0.54 

24 Apr 1973 

K7318 

0.32 

18 Jun 1973 

IC7335 

0.31 

r i 



Averages 


0.37 






























































Average spectra] extinction < 
at H Transect 


Cruise & Date 

Color Band 

1(7318 

A A 1 r\ 

Blue 

Green 

24 Apr 1973 

Red 


b) HB Transect 


Cruise <5 Date Color Band 


B 


25 Apr 1973 


19 lun 1973 


Green 

0.41 

Red 

0.73 

Blue 

0.60 

Green 

0.29 

Red 

0.64 

Blue 

0.58 

Green 

0 55 


c) BR Transect 


It 7232 
16 Nov 1972 

K7318 
24 Apr 1973 


18 Jun 1973 


Color Band 

BRl 

Blue 

0.48 

Green 

0.36 

Red 

0.68 

Blue 

0.35 

Green 

0.19 

Red 

0.38 

Blue 


Green 

0.19 

Red 

0.55 

Blue 

0.41 

Green 

0.25 

Red 

0.54 



































































































































TABLE II-7 


Interpolated values for temperature, salinity, density, chlorophyll o, particle count, 
and extinction coefficient to coincide v/ith ERTS-1 overflights 


a) 8 October 1972 


Overflight: 1101 EDST 


Interpolated Variate 

Station 

MUM 

H3 

m 

Temperature (°C) 

16.9 

17.6 

17.4 

17.4 

Salinity (%o) 


31.18 

31.20 

31.65 

Density (a t ) 

22.94 

22.48 

22.53 

22.89 


I 


Chlorophyll a (mg/rn 3 ) 


Parlide Count (l/L) 


-it (1/™) 


b) 19 March 1973 


Overflight : 1 002 EST 


Interpolated Variate 

Te mperature (°C) 

Salinity (7oo) 

Density (ai) 

Chlorophyll a (mg/m 3 ) 
Particle Count (l/L) 

-It (l/m) 


c) 24 April 1973 


Interpolated Variate 


Temperature ( P C) 


Salinity (7°o) 


Density (at) 


Chlorophyll a (ir<g/m 3 ) 


Particle Count (l/L) 


-It (l/m) 


0,75 


177xI0 6 


0.40 


Overflight: 1002 SSST 


Station 


164 xJO* 163x10° 163x10° 
























































TABLE II -7 (Continued) 


r) continued 


interpolated Variate 


Temperature (°C) 


Salinity {%„) 


Density (a* 


Chlorophyll a (mg / m 


Particle Count (1/L) 


-k (I/m) 


BRI 


7.4 


30.55 


23.90 


2.30 


175s 10 6 


0.39 


Station 

BR2 ^R3 


7.9 


31.15 


2 


1 1 1 k 10 6 i 240x10 


0.34 


d) 17 June 1973 


Interpolated Variate 


Temperature (°C) 


Salinity (Vo*) 


Density (ot ) 
Chlorophyll a (mg/m 3 ) 
Particle Count ( 1/L) 
dt(|/m) 


Overflight; 1I02EST 


Station 


HB3 

HB4- 

15.0 

14.4 

29.95 


22,11 

22.91 

3.58 
285x1 0 6 

2.1: 
200x1 ( 

0.34 

0.3 


HB5 


.6 

fl 

.2 

.0 


175x10 


Inter polated Variate 
Temperature (°C) 

Salinity (Vo,) 

Density (at ) 


BR 3 

140 

30.20 


Chlorophylls (mg/m 3 ) 

2.26 

2.05 

1.98 

Particle Count (1/L) 

197x10 s 

238x1 0 6 

250x10 s 

-k (1/m) 

0.24 

| 0.30 

0.43 








































































TABLE 11-10 


Average spectral extinction coefficients (-k [X] ) in the New York Bight 


Date & Cruise 

Color Bend 

Station \ 

B! 

B2 

B3 

B4 

B5 

B6 

B7 


B9 

25 Jan 1973 
K7302 

Blue 

1.33 

0.98 

1.41 






0.85 

Green 

0.79 

0.62 

1.04 



0.56 

0.55 

0.51 

0.64- 

Red 

1.35 

1.00 

1.17 




0.88 

1.01 

1.18 

31 May 1973 
IC7327 

Blue 

0.38 

1.20 

1.78 

1.21 

0.77 




0.86 

Green 

0.17 

0.78 

1.33 

0.36 

0.28 

0.72 

0.66 


0.54 

Red 

0.34- 

0.91 

0.57 

0.74 

0.46 




0.75 

Average 

Blue 

0.855 


1.595 





1.000 

0.855 

Green 

! 0*4=80 

— 

0.700 

1.185 




0.605 

0.555 

0.590 

— 

Red 

0.845 

0.955 

0.870 



0.890 

0.770 

0.945 

0.965 

Compensation 
Depth (m) 

Blue 

I 5.4 

4.2 

2.9 

4.0 


4.6 

4.5 

4.6 

mm 

Green 

9.6 

6.6 


— 

8.7 

9.9 


7.6 

mm 

mm 

Red 

5.4 

4.8 

5.3 


6.4 

5.2 

6.0 

4.9 

4,8 _.! 
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TABLE 11-12 

Linear correlation coefficients between average extinction coefficients 
(visible band) and suspended particles in Block Island Sound 


Transect 

-k vs Total Particles 

-IT vs Particles >5y 

H 

0.73 

0.73 

HB 

0.58 

0.79 

BR 

0.71 

0.67 


TABLE 11-13 

Linear correlation coefficients between average extinction coefficients 
(visible band) and suspended particles in the New York Bight 


Cruise 

Correlation 

~k vs Total Particles 

-k vs Particles >5y 

K7329 

0.63 

0.92 

K7302 

0.61 

0.72 

K7327 

0.88 

0.90 



















FIGURE II 2 

Annual variation of mean monthly 
temperature, salinity, and stream 
discharge (SD) into Long Island 
Sound for the 5 stations in the HB 
transect 
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FIGURE II-3 


STATION BR3 



MEAN 
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SURFACE 
TEMP PC.) 


Annual variation of mean monthly temperature 
salinity, and stream discharge (SD) into Long 
Island Sound for the 3 stations on the BR 
transect 
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FIGURE II-6 


Lateral isopleths of 
average temperature, 
salinity, and o t for 
ebb and flood tidal 
flows on 14 February 
1973 (winter con- 
ditions) and 29 Au- 
gust 1972 (summer 
conditions) 
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Introduction 

Satellite imagery has provided the oceanographer with a valuable aid in 
overcoming certain sampling problems in complex estuarine and coastal en- 
vironments. Imagery provides a synoptic picture of features that, in many 
cases, would be missed by usual sampling techniques. Also, historical 
sampling procedures have produced data that are sometimes labeled as question- 
able simply because they do not fit a presumed pattern . Obvious visible 
phenomena such as river plumes and effluents can be seen as persistent 
features in ERTS-1 imagery, yet these are nearly invisible to an observer 
at sea level] as important, albeit not as obvious in most cases, are areas 
where the waters appear to have color characteristics that are different 
from surrounding waters. These areas generally cannot be noticed by an 
observer in a boat. Such "discolored" water masses may have no relationship 
to harbor effluents or river plumes, but are distinct water types that 
probably have unique origins, or causes (Castiglione, 1973). 

Past experience with ERTS-1 imagery and ground truth data (for example, 

Hollraan and Gill, 1974; Alexander and White, 1974 and Nuzzi and Perzan, 1J74) 
from the area around Montauk Point, Long Island, New York, indicates that 
a very distinct and fairly persistent plume of water may be associated with 
Shagwong Reef some three miles northwest of Montauk Point (Figure 1). This 
plume is not an advected phenomenon, that is, it does not appear to be 
transported to the area by currents nor is it tidal since it appears in 
imagery taken during both flood and ebb stages of the tide. Therefore, the 
plume seems to be a phenomenon that is being generated in the area itself. 


The fact that there are periods when the plume is not in evidence in the 
imagery, for example periods in late winter and early fall, leads to 
speculation that the plume is caused by seasonal biological phenomena. 

That is to say, that the plume is believed to be largely composed of 
organic material rather than inorganic detritus brought to the surface by 
the scouring action of tidal currents across the reef itself. There is no 
significant seasonal difference in tidal flow in this area that would 
account for such seasonality. 

The aim of the New York Ocean Science Laboratory SKYLAB experiment was to 
check this hypothesis in more detail. The data obtained were used in providing 
ground truth for the interpretation of SKYLAB photographs taken of the area 
at the same time as the study. 

Table 1 

a) Dates and time periods of experiments 

b) Station locations and depths 











Methods 


Two experiments were conducted. The first was on August 9, 1973 during a 
scheduled SKYLAB overflight that was subsequently cancelled; the second 
experiment was conducted September 12, 1973 during the rescheduled SKYLAB 
overflight . 

Each experiment involved two stations that were sampled over an ebb tidal 
cycle when the flow is strongest and therefore a more pronounced plume 
expected. Station SI was located just to the west of the Shoal 
(Figure 1) and Station S2 was located on the shoal approximately 550m to 
the east. The respective dates and time intervals are tabulated in Table la, 
and station locations and chart depths are to be found in Table lb. 

Station SI was sampled at three (3) depths in the water column and 
Station S2 at two (2). A current meter (General Oceanics Model 2010) was 
installed at Station S2 for each sampling date. 

Water samples were collected hourly for analysis of salinity, reactive, 
total, dissolved, and particulate phosphorous, pigments, suspended solids, 
total particles, and phytoplankton. Temperature was measured in situ with 
a bathythermograph (checked by a mercurial thermometer at the surface) at 
Station SI. At Station S2, temperatures were obtained with a Beckman Model 
RS5 portable meter. 


The salinity of the samples was determined with an induction salinometer 
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(Beckman RS-7B) , The various forms of phosphorous and the pigments were 
determined according to the methods described in Strickland and Parsons 
(1968) while suspended solids were determined according to the American 
Public Health Association (1971) methods. 

The phytoplankton in one liter of sea water, collected in a 5& Niskin 
bottle, were concentrated with a continuous plankton centrifuge and the 
cells within an aliquot of the concentrate wqxe counted microscopically. 

An unconcentrated SO mS, sample of water was returned to the laboratory 
and a particle analysis performed with a Coulter Counter, Model B. The 
samples for particle analysis were refrigerated until the analysis was 
performed which never exceeded 2 hours after collection. Detailed methods 
for both phytoplankton and particle analysis were given by Nuzzi and 
Perzan (1974) . 

The attenuation of incident daylight as a function of depth within the 
water column (downwelling irradiance) was measured close to local noon 
at each station using an upward facing irradiance meter comprising a 
photocell and cosine collector. The "extinction coefficient", k, for 
these light values is defined by the equation: 

I(z) = l(z=0) exp(-k z) 

where I (z=0) is the total visible light energy incident upon the naviface and 
I(z) is the remaining light energy at the depth z (in meters). 
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Results 

Temperatures, salinities and densities (a t ) for the August sampling 
period are tabulated in Tables 2 and 3 for the September sampling 
period. As can readily be determined from the tables, variations in 
time as well as space are small. The maximum variations occur at the 
surface during the August experiment and are 0.7°C and 0,18 o /oo at 
Station SI, and 0.8 °C and 0.66°/ oo at S2. 

The percent of incident light transmitted through the water column and the 
average extinction coefficient are tabulated in Table 4 for both experiments. 
The difference in water clarity (high transmittance) is most apparent be- 
tween Station SI and S2 during August, particularly at the 1% level of 
transmittance. During September, however, the differences are less pronounced 
and reversed with Station S2 being less turbid (dearer) . 

The current meter results are shown in Figure 2 where the velocity vector 
has been averaged over a 15 minute interval and reduced to its north/south 
(v) and east/west (u) components. These components are taken such that u is 
positive for easterly flows and v is positive for northerly flows. Speeds 
were slightly higher (approximately 10 cm/sec) in September than in August. 
Average speeds, and directions for the sampling period, are tabulated in 
Table 5 . The average speed was also higher in September (10.7 cm/sec) as 
are the u and v components, however, the directions are nearly the same. 

These differences relate to the phases of the moon: on August 9t.*, the moon 
was in apogee, furthest south of the Equator and midway between spring and 
neap; on September 12th, the moon was full (spring tides prevailed) and the 
moon was on the Equator, so that in comparison, the tidal currents should 
be greater. 


0812 0856 0940 1024 1108 1152 1236 1320 1404 1434 TIMEtEDST) 


1 l I I * • ■ * 


STATION S2 
9 AUGUST 1973 



1032 1117 1202 1247 1332 1417 1502 1548 T1MECEDST1- 



STATION S2 
12 SEPT 1973 




o u~ component (east/ west) 
a v - component (north/south) 


FIGURE 2. Current Meter Data 
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Table 2. Temperatures, salinities, and a t for the August 9th, 1973 experiment 


Station ! 

mmmmmn 

| Station S2 

Time ■ Depth (m) 

T”C 

mum 

IKZIH1 

Time 

mmSESM 

■EjjQH 

S u /oo 

<*t 

0829 0 

20.2 

29.05 

Bn 

0830 

0 

20.1 

29.11 


1 8 



20.23 


8 

19.5 



\ 

16 



20.23 






0930 t 0 


msi 




, 

28.94 ! 20.13 

8 

20.5 29.08 

P 


8 

20.0 

1 

29.09 | 20.29 

16 

20.3 j 29.20* 

20 .11 j 
20.351 




— 1 

1030 0 

20.5 

28.87 

19. 99i 

1022 

0 

.. — 

19.8 

28.45 19.87 

1 

8 

20.1 

28.95 


PH 

8 

1 ■ r 

19.6 29.03 20.35 

16 

19.7 28.95* 




1 

1130 0 

20.5 28.88 


1125 

’ 

0 ■ 19.9 

28.56 19.92 

T ' ’ F r — 

8 i 20.1 29.01 


H| 

! 

8 ' 19.4 

29.03 20.40 

i 1 

16 19.7 29.20* 

™ j— 

20.45 




! 1 \ 

1230 0 20.7 28.88 


I 1 

[1226 0 20.1 

28.86 20.09 

8 20.1 29.03 : 20.24 

8 19.3 I 28.98 20.38 

16 j 19.4 29.24* 

1 

20.60 

I j 

. 1 

i i - - j- - — 

1 1330 0 ! 20.2 28.96 

. j ■ ' r 

p { ; . ; 

20.14 j 1327 • 0 20.6' 28.92 20.01 

i 

8 i 19.7 29.11 

20.29] j : 8 19.3 ; 29.10 20.48 

16 19.3 29.50* 

i i 4 -> t 

20.40 1 

1 7 

1430 0 ; 20.0 29.01 

20.22 | 1420 0 20.3 28.88 20.06 

8 19.7 29.04 

20.30 | 8 19.6 

29.00 20.33 

i j 

i 16 1 19.3 29.16* 

j 1 

20.50 i| j 


*Extrapolated 
























































































Table 4. The depth in meters of the percent oi incident light trans- 
mitted through the water column and the average "extinction 
coefficient, k, for (a) 9 August experiment, and (b) 12 
September experiment. 


Percent 


9 August 1973 (10/ 10 High Cloud Cover) 


Station SI 

Station S2 

1200 hrs. 

1125 hrs. 


.3 


0.8m 


2.3 


.8 


m 


0.57 per meter 


M 


2 .' 


5.3 


0.84 per meter 


Percent 


12 September 1973 (2/10 Cloud Cover 


Station SI 


1215 hrs. 


.6 


Station S2 


1255 hrs 


1.3 

2.6 


0.33 oer meter \ 


0.26 per meter 


Below the bottom 





















- 11 - 


I 

! 


i 


Table S. 

Average current meter 

results 

Averages 

i : 

9 August 1975 

12 September 1973 

I Speed 

; 33,1 cm/sec 

43.8 cm/sec 

r 

t 

i Direction 

f 

| 67°True 

69°True 

\ 

j u -component 

i 

5 30.6 cm/sec 

41 ,0 cm/sec 

r ' 1 1 

! v- component 

1 

12.6 cm/sec 

15,6 cm/sec 


Suspended solids, chlorophyll a, and reactive, dissolved organic and 
particulate phosphorous concentrations are tabulated in Tables 6 and 7 
for the August and September sampling periods respectively. 

No significant differences were found when the data collected at S-2 
were compared to that at S-l. This would indicate that the source of the 
satellite observed materials is not due to scouring at S-l as might be 
suspected. The lack of statistical difference between the two stations 
is explainable by accepting that Station S-l was also located within the 
boundaries of the observed materials. 

In both of these experiments the bottom samples at Station S-2 were col- 
lected in close proximity to the current meter. Although the short duration 
of each experiment prohibited extensive statistical testing, preliminary 
tests do indicate that lag correlations were more meaningful than direct 
correlations between suspended solids, particulate phosphorous, chlorophyll 
a and velocity. 


/ 


Table 6- Variations in Suspended Solids, Phosphorous and Chlorophyll a, 9 August, 1973. 


i Station S-2 




Time j Depth \ 

Suspended 

! Cm) 

Solids 

t 

(mg/ A) 

0830 ! 0 

2.55 



{ T-P07 P-P0 4 l i Chi a 

) | (Vg-at/£] ! (yg~at/S0 ' (yg/£) 








































Table 7. Variations in Suspended Solids, Phosphorous and Chlorophyll <z, 12 Sept., 1973 
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P-P0 4 
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Time ; 
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1 (yg-at/ 2 ) 
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1.27 
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Table 8 . Distribution of particles and phytoplankton, 9 August 1973 


Time 

(EDST) 

Total 
Particles 
per liter 
x 10 6 

Particles 
>10.67u 
per liter 
x 10 3 

Cells per 
liter x 
10 3 

1 Total 
Particles 
per liter 
-x 10 6 

Particles 
>10 ,67p 
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x 10 3 

Cells per 
liter x 
10 3 

t 

Total 
Particles 
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Particles 
>10.67p 
x 10 3 
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10 3 
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; Particles! >10,67y liter x 

per liter; per liter' 10 3 
lx 106 ! x 10 3 

0830 
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1 | 

668 ! 186 

; | 
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1 
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870 j 654 

1 t 

336 ' 1390 180 
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i 


i 
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* 
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i 


1 
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1 1 ! . 1 

1 i 289 ! 

i 778 376 ‘ 
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i 


t 

428 

! 274 i 

! i * 329 

1430 
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518 

} 

i ■ ,r 

i 

313 

IIPPP^I 
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420 

l ■ 

J 

429 360 

Av. of 
all samp- 
ling per- 
iods 
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, 

845 
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■ 
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’ 

.754 

359 

■ 
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Table 9 * Distribution of particles and Phytoplankton, 12 September 1973 
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»— 1 
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Time (EDST) 
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per liter x 10® 
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t/> U 
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r-i r-i 
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1 
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i 
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’ 
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! 5.7 

Average of all 
sampling periods 

186 

205 

9.1 

211 

196 

l io:o 

1 — r 1 

■241 • 

162 

11.4 

183 

222 

7.0 

1 

193 

! 

227 ; 7.3 


ORIGINAI] PAGE IS 
OF POOR QUAUT2] 








Table 10. Particle and Phytoplankton Concentrations - Averages of 
all samples for each date. 


\ 9 August 1973~ 


12 September 1973 


Total particles per liter 


185 x 10* 


203 x 10* 


Particles >10.67y per liter 


821 x 10 3 


202 x 10 3 


Cells per liter 


319 x 10 3 


9 x 10 3 


The results of the phytoplankton and particles analysis from the samplings of 
9 August and 12 September are presented in Tables 8 and 9 . The Coulter Counter 
results for 9 August are not complete due to equipment malfunction. The 
average particle and phytoplankton concentration for each date is given 
in Table 10. 
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Figure 3. Copy of SKYLAB image from band 4, on 12 Sept 
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Discussion 


If the plume generally observed in the area of Shagwong Reef (Fig. 1) 
was in fact due to scour from tidal currents, then it should have been 
a lot more pronounced in the SKYLAB photos . Tidal currents were greater 
(by approximately 25%) during the September study in comparison to the 
flow during the August study. However, as can be seen in Figure 3, a 
very poorly defined plume appears in the area, and its position relative 
to the Shagwong test site is questionable. That is to say that the test 
site (Stations SI and S2) may be just west of this weakly turbid water. 

More pronounced plumes or turbid water masses can be seen to the west of 
the Shagwong test area thus indicating that the particular photos were 
capable of detecting such phenomena. In comparison, the ERTS-1 imagery 
shown in Figure 1 ftaken on October 5, 1972) was taken at near slack 
tide (ebb begins) , yet there is a very pronounced and strongly turbid 
plume. Similar plumes were also outstanding in the March and May imagery 
during 1973, coinciding with high total phytoplankton counts for that 
period (Nuzzi, unpublished data). 

The stations at the Shagwong Test Site were so positioned, based on examina- 
tions of ERTS-1 imagery, that SI would be outside the plume area and S2 
within it. Under the conditions of both experiments, S2 was also downstream 
during the ebb tidal cycles. 
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The depth of penetration of incident daylight was a factor of 2 greater 
at the upstream station, SI, than at Station S2 on the shoal during the 
August experiment. The mean extinction coefficient was also greater at 
Station S2 by approximately 32%; during the September study, the extinction 
coefficient at the upstream station was higher by approximately 20% and 
the depth of penetration was virtually the same at both stations. It is 
not unreasonable to expect therefore, that a plume was in the test area 
during August, but was very weak, if not absent, in September. It could 
very well be that the weak plume in Figure 3 is just east of Station S2 
and therefore was not detected in the sampling, hence the fact that the 
depth of light penetration was nearly the same at SI and S2. 

There are no apparent correlations between any of the variables tested 
(phytoplankton, total particles, particles >10.67p) on either sampling 
date, due probably to the fact that the variations with each sampling 
period on each date were quite small, as were the variations betvfeen 
each station. 

Preliminary observation of the satellite imagery for 12 September like- 
wise indicated very little difference in image density between the two 
stations. 

The variation between sampling dates, however, is quite marked (Table 10). 
Whereas there is little difference in total particles per liter (185 x 10 6 
for 9 August vs. 203 x 10^ for 12 September), there is a better than four- 
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fold difference in particles >10.67y equivalent diameter per liter and 
a difference of better than one order of magnitude in cells per liter be- 
tween the samples collected on 9 August and 12 September. As no imagery 
was made on 9 August it is impossible to compare the two dates in re- 
lation to ground-truth data. 

Observation of the satellite imagery (ERTS and SKYLAB) to date indicates 
that the greatest density differences in the Block Island Sound area 
occur in March and October. This seasonal variation in relative density 
corresponds well to the expected periods of phytoplankton blooms in the 
region. Since there is no corresponding ground truth data available for 
these periods, one can only speculate that the phytoplankton are one of 
the major causes of the differences in density shown by the remote imagery. 

Summary 

The existence of a visible plume at certain times of the year can clearly 
be established through ERTS-1 imagery. It is located in the general area 
of Shagwong Reef off Montauk Point, New York, irrespective of the set of 
tide. Unfortunately, the plume was very weak and apparently east of S2 at 
the time of the SKYLAB overflight on September 12th as determined from 
imagery and data compiled from the water column. 

It is suspected from the coincidence of the visibility of the plume in 
ERTS-1 imagery with times of high phytoplankton counts, that the plume 


1 
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is largely composed of organic suspensoids. It is hypothesized then, that 
this area is a generating or incubating area of high plankton populations . 
This may be due to the interaction of nutrients, light, and physical para- 
meters, primarily temperature, that become well mixed due to turbulent 
action in the water column as the tidal waters flow over the reef. 

The SKYLAB experiment has provided the foundation for what may be a most 
important discovery of estuarine ecological systems that will be more 
thoroughly investigated in future research activities. 


I 


i 


I 


- 21 - 


REFERENCES 


Alexander, J.E. and T.T. White, 1974. Chemical Oceanography. In: An 

Interdisciplinary Study of the Estuarine and Coastal Oceanography 
of Block Island Sound and Adjacent New York Coastal Waters: Ground 
Truth. R. Hollman. Coordinator, New York Ocean Science Laboratory 
Technical Report No. 0027. 

American Public Health Association, 1971. Standard Methods for the 
Examination of Water and Wastewater, 13th ed. 

Castiglione, L.J., 1973. A multivariant study of the distribution of 
phytoplankton communities in relation to water color. Ph.D. 
Dissertation presented to the Faculty of the Graduate School 
of Arts and Sciences, New York University, October, 1973. 

Hollman, R. and S.K. Gill, 1974. Physical Oceanography. In: An Inter- 
disciplinary Study of the Estuarine and Coastal Oceanography of 
Block Island Sound and Adjacent New York Coastal Waters: Ground 
Truth. R. Hollman, Coordinator. New York Ocean Science Laboratory 
Tehcnical Report No. 0027. 

Nuzzi, R. and U.P. Perzan, 1974. Phytoplankton and Suspended Particles. 
In: An Interdisciplinary Study of the Estuarine and Coastal Oceano- 
graphy of Block Island Sound and Adjacent New York Coastal Waters: 
Ground Truth. R. Hollman, Coordinator, New York Ocean Science Labora 
tory Technical Report No. 0027. 

Strickland, J.D.H. and T.R. Parsons, 1968. A practical handbook of sea- 
water analysis. Fish . Res . Bd. Can. , Bull. 167. 




V* 


X 


APPENDIX C 


"System 800” 


Computer Printouts 
W? 1 1 cox, Arizona 



COUNT*' 800956 AT 106 GRRV. 
St-RUN AREA 


COLOR: 

0 

i 

2 

3 

4 

5 

6 

7 

GRAV: 

roo 

00o 

044 

095 

138 

191 

255 

255 

PERCENT: 

0i. 10 

00. 90 

02. 78 

10. 34 

18. 48 

45. 12 

23. 24 

00. 00 


fRUN HI ST OR 


SCAN 


COUNTS 000096 

AT 

034 

GRAV. 

C 0 U N T = 000158 

AT 

021 

GRAV. 

COUNT- 800078 

AT 

032 

GRAV. 

0> C0UHT= 0000 78 AT 03 

:2 GRAV. 

COUNT* 000346 

AT 

059 

GRAV. 

COUNT* 000512 

AT 

063 

GRAV. 

COUNT= 000315 

AT 

064 

GRRV 

i> COUNTS 000315 AT 064 GRRV. 

COUNT* 000977 

AT 

084 

GRAY, 

COUNT= 001042 

A 1 

094 

GRAV. 

COUNT* 001172 

AT 

095 

GRAV. 

COUNT* 000949 

AT 

097 

GRAV. 

COUNT* 000976 

AT 

096 

GRRV. 

2> COUNT* 008976 AT 096 GRRV. 

COUNT = 801201 

AT 

120 

GRRV 

COUNT = 801417 

AT 

125 

GRAV. 

COUNT* 001613 

FTT 

127 

GRRV. 

COUNT - 002044 

RT 

128 

GRAV. 

3> COUNT* 002044 AT 128 GRRV 

COUNT* 002227 

AT 

145 

GRAV. 

COUNT= 083222 

AT 

152 

GRAV. 

C0UNT= 002747 

AT 

154 

GRAV. 

COUNT* 003248 

RT 

160 

GRAV. 

4> COUNT* 883348 1 

TT 160 GRRV 

COUNT* 002249 

AT 

179 

GRAV. 

COUNT= 082286 

AT 

187 

GRAV. 

COUNTS 002286 

AT 

187 

GRAV. 

COUNTS 002252 

AT 

189 

GRAV. 

COUNT= 002069 

RT 

191 

GRRV. 

COUNT* 002471 

AT 

192 

GRAV. 

5> COUHT= 0024 

71 

AT 192 GRAV 

COUNT* 801266 

AT 

212 

GRAV. 

COUNT* 008781 

AT 

222 

GRRV. 

COUNT* B00667 

AT 

225 

GRAV 

COUNT* 080666 

AT 

223 

GRAV. 

COUNT* 000667 

AT 

225 

GRAV. 

COUNT* 000938 

RT 

224 

GRAV, 

6> COUNT* 000920 

a;t 2; 

?4 GRAV 

COUNT* 007605 

AT 

255 

GRAV. 


?> COUNT* 807605 RT 255 GRRV, 


:>r 'v - 1 ; - A, rir-* ■/"/’.} 

M \ ■ £. / / * > 

A;-; ;.' r :; '|V . i ; • 



REPRODUCIBILITY - OR TUP 
ORIGINAL PAGE IS POOR 



• $RUH R RE ft 

4 » ' 

| y y. 

J COLOR:, 0 1 

J GRRV : 022 064 

,'PERCENr : 82. 20 0 2. 4 0 

> 

4 f-RUN D I SPI V 
I ftP0 ' 


2 2 4 5 6 

V 096 120 •>•••: 160 : :Al'9i2vvA^4-i;^ 

09, 10 12. 02 26. 44 26 28 15. 28 


255 
06. 20 


$ R U N MARKER 


£ R U N >1 If.ro ft 


SCAN 

£ 

' , ■ 


RUM ft ft F ft 


COLOR; 01 2 2 4 5 6 7 

GRfl V : 032 064 096 128 168 192 224 255 

PERCENT 21. 46 32. 20 29.78 09. 64 02 02 01.34 00. 78 01/66 

■JR UN PISPl V 

m 


BRBN DIGll 
• RUM NEGRlt 
ft P 4 

BRUM ft DDE ft 
PS. P4 

8R0N 01 f PI S' 


• RUN HFiftKf ft 
8 RUN DIGIT 


P2 . 

• RUM HI SI OR 


SCAN .... (P Pm ’r ; » L„ j I' I * > < 

$ R U M ft ft E fi 


COLOR; 0 1 2 3 4 567 

GRftV; 022 064 096 128 160 192 224 255 

PERCENT: 01.58 01.66 07.66 30.14 39.54 16.98 01.74 00.62 


•RUfl PI SPIV 
#P? 



$RUN HRRKE R 


DRBH I> I 6 1 T 


$RUN HIST OR 

scn-H 

; $ RUN RRFR 

COLOR: 0 1 2 3 4 5 67 

GRRV: 032 064 096 128 160 192 224 255 

, PERCENT: : 00. 96 00.42 01.48 04.72 18.28 28.14 29.50 16.40 


i*RUH RRE R 

i COLOR: ■ 0* 1 2 2 4 5 6 7 

i ; GRRV : .-'"032 064 096 128 160 192 224 255 

PERQE-tff: 0D.96 00.42 01.48 04.72 18.28 28.14 29. 50 16. 40 

k -s" ■ / 

■iR0H D I SPIV 
$ 


8R0H [> I 5 P L V 


i $ruh [>ien 
A»P4 


frRUN NEGATE 


COUNT- Q'Q 1461 AT 1?5 GRflV. 
COUNT 80524 RT 184 GRflV 
COUNT* 001438 RT 17.6 GRflV. 
COUtir* 002806 AT 166 GRflV. 
C-0 U N T = 00306? AT 165 GRflV. 
COUNT* 002566 AT 166 GRflV. 
COUNT* 002906 AT 166 GRAV. 
COUNT- 002906 RT 166 GRflV. 

C 0 U N T = 002552 AT 16? GRAV. 
■COUNT* 00306? AT 165 GRAV. 
COUNT* 003238 AT 163 GRAV. 
COUNT* 003066 AT 144 GRAV. 
COUNT* 00162? RT 160 GRflV. 
COUNT* 80162? RT 108 GRflV. 
COUNT* 800285 AT 0?? GRflV. 
COUNT* 006036 AT 049 GRflV. 
COUNT* 000022 RT 030 GRflV. 
COUNT* 060000 AT 255 GRflV. 
Tin) NT**'” G03004 *ffi r Trai''ftftflY'" 
2=144 RT (315, 014) 

2 = 192 AT (239, 262^ 


•£.1’-'-/ Lf-' f: 




>1 

J 




2*189 AT (244,244). \ 

2=196 AT (249, 250) ! 

2 2*189 AT <23?, 262) : 

2 = 192 RT (331,250) 

■F 2 = 192 RT (332, 238) 
b 2 = 175 RT <3??, 260) 

"i 2*178 AT (383,274) 

; 2=190 RT (403,364) 
h 2=182 RT (370, 366) 

Z = 19I RT (248, 248) 


: 2 = 100 AT (235, 250 ) r . 

.ii 2 = B93 AT (230, 254) i 
If 2 = 8 96 AT (230, 248) f 

.-2 = 092 AT (318,222) j ‘ , . . • > , , . , /-■/; 

; 2 = 10 9 AT < 32 2 , 2 4 0 ) V 
2 = 093 AT (368, 262) / . . ... . . .. ( , 

1 2=883 AT (3-66, 270) r ' 

2 = 692 AT (374, 274) - 

' 2=094 RT (230, 260) 
fe 2*092 RT (234 , 252 ) y 


f RUN 

RRER 

l/J! L*. *j 

'•* I ' i ; -; 

D: ■ 1 


V / •¥ 


COL 0 R ; 0 

GRRV: 032 

PERCENT: @1.32 

t V „ 

$ 

1 

064 
00. 46 

t 

2 

096 
05. 46 

3 

128 
40. 78 

4 

160 

33. 58, 

5 6 

192 224 

16. 18 02. 08 

7 

255 
00. 02 


t i ' : 

■ * i i * * \ 

I ■ f a v * 

■ . ) , 

; /■ : 

! * 



RUN MARKER 

+- * 4* Jfc 4- *' +' 4- 4 : Jf: if: if: if; if; iff if: 4: 

£RUH DISPLV 
«P0 






8R0N 

DISPLV 







f RUN 

MARKER 




■ 



f RUN 
ttPl 

DIGIT 







$ R U N 
5 CRN 

HISTOR 








2 = 18 0 

RT 

< 236, 260 ) 





2 = 175 

RT 

<246,248) \ 





2=175 

RT 

<241/242> j 

\ . 
v» 




2=17 6 

RT 

<329,234) i 

V f • / 

* / 1 

• i 

2 = 168 

RT 

<326,24 6;* I 




2 = 164 

RT 

<366, 360 > v 


■ 1 ( ' ’ 

' ’ J 

//■ s ~fi *' 

2 = 186 

RT 

<400, 36 0 > 




/ 

2 = 15? 

RT 

<234, 266) 





2 = 158 

RT 

<245,248) ; 





2 = 158 

RT 

<240,240) J 






2 = 043 

RT 

<228, 

262) 



2=052 

RT 

<234, 

252) ! 



2 = 078 

RT 

<240, 

252) 



2 = 074 

RT 

<238, 

248) 



2 = 077 

RT 

<236, 

24 4) 

■ - 1 -*- . U * 4 i 

f : . . ; ■) 

2 = 060 

RT 

<321, 

248) ; 



2 = 0 55 

RT 

<317, 

24G) •; 

; . * 


2 = 0 57 

RT 

<321, 

234) 



2=056 

RT 

<320, 

226) 



2 = 054 

RT 

<371, 

270) ■ 





t 


F7?f)n\ i / 


2=083 AT <258, 256) J 
2=023 fiT <258, 264) 
2=081 RT <338, 244) \ 

2 = 069 FIT <341, 234) / 

2=866 fir <340, 224) 
2=064 fiT <385, 248) \ 


2 = 852 
2 = 655 


FiT 

fir 


<390, 258) 
<394, 220) 



$RUN fiREfi 


rx 




1 1 ' .1 D 'l. ' 


/' : V ^ f >' 


If:- "7o" , „ Pt), t; 


'^ 5 y ■ Ia.'ill * p.i.frViV Pc i < Fr i r/i (~n 

COLOR: 0 1 **'2 3 " ' 4 ' 5' 6 ' 

GRRV: 032 064 096 128 160 192 224 

PERCENT : 85,00 29.98 31.84 23.80 06.08 01.26 81.38 

$ R U N 0I5PLV 

tt 


80S2BfirCH V9-20C 
IP B Rl E : 20-5EP-74 

D I fi L 0 G' 0 0 ? B 8 

% 


PEERS El EBB VI N 
t 


L O 200 , 200 
DR r-E: “20 -SEP- 2 4 
riHE : -20:02:09 
$ 


RUN DISFLV 
4 PI 

>RUM DISPLV 
ftPl 

$RUN MARKER 
SRSN DIGIT 

£RUN HISTOR 

SC R N 

2 = 12 5 fiT <253, 2 4 2) . \ 


l / 


7 

255 
00. 14 


2 = 123 
2 = 125 
2 = 123 
2 = 131 
Z = 115 
2 = 105 
2 = 116 


<£60, 272) 
<342, £40 > 
<34 2, 25CO 
<340, 258) 
<3??, 264) 
<378, 374) 
<274, 378) 


jtA jn A\; \t%( I-, 

St'- I \ •. /* 


♦ RUM. MARKER 
#RBM DIGIT 

♦ RUN HI STOP. 
SCAN 


2 = 178 

AT 

<24 7, 248) 

2 = 175 

AT 

<247, 254) 

Z = 1 76 

AT 

<241, 244) 

2 = 177 

AT 

< 2 i 6 , 262.' 

2 = 169 

AT 

<328, 236) 

2 = 184 

AT 

<329, 258) 

2 = 182 

AT 

<36 7, 366) 

2 = 171 

AT 

<401, 366) 

2 = 170 

AT 

<245, 250) 

2 = 177 

AT 

(2-sS, 264,' 


0 r .Jt,H 


M ( '>»• ; v 


AT <233, 
AT <229, 
AT <229, 
AT <226, 
AT <222, 
AT <321, 
AT <317, 
AT <368, 
AT <274, 
AT <235, 


2 52) ■ 
258) i 
250) j 
2 52) 
240) ■ V 


218) j 
268) V 
2 72) \ 
254) /• 


i . T’ i 1. f , I 


reproductbility of the 
original fagl is poor 


AT <254, 
AT <256, 
AT <262, 
AT <256, 
AT <261, 
AT <242, 
AT <342, 
AT <341, 
AT <379, 
AT <3 78, 


236) \ 
244) 
250) / 
26 2) ( 
272) > 
2 28) 

24 2) 
252) 1 
360) j 
3 7 6) J 


P? O • N 


f \ V , .'.v > ^ r" 


*RUtl R R E ft 


7 t • 


r 


>. . 

V ' 



1 


-V -. t • I'lU F/vt-M *’?/.) 
{ r t ' i ' < !/, • 


COLOR: 0 12 2 4 56 7 

6 R R V : 022 B 64 096 128 160 192 224 255 

PERCENT : 01.16 0 G 10 81 06 16 . 68 76 38 04 48 80.04 00.00 

$ 


ttRBN DI 5 PLV 


f RUN MARKER 
f RUN DIGIT 
#P 3 

$ RUN HI ST OR 
SCAN 


Z- 1&9 AT < 233 # 260 T\ 

2 = 198 AT ( 245 * 252 ) * 

2 = 208 AT < 242 , 246 ) 

2=212 AT < 242 , 242 ) ; 

2 = 2 0 ? AT < 227 , 246 ) '% . v 

2 = 202 AT < 327 , 236 ) {• 

2 = 2 00 AT < 366 , 360 ) ’ 

Z =196 AT < 402 , 358 ) ; 

2=188 AT < 379 , 268 ) i 
2=181 AT < 373 , 256 ) 


■C V 1 i. • I / .. >1 (4 i ; / Jv 

■' / I l. ■ 


2=146 AT < 236 * 250 ) \ 

2=145 AT < 231 , 254 ) 

2=141 AT < 232 , 248 ) I 
2 = 14 ? AT < 23 6 , 250 ) / ft,', . - t 

2 = 139 AT < 365 , 266 ) V / •' 

2 = 141 AT < 373 , 270 ) L\ . . . 

2=142 AT < 369 , 254 ) \ 

2 = 149 AT < 318 , 220 ) \ 

2 = 152 FIT < 23 ?, 248 ) | 

2=142 AT < 228 , 256 ) 


/ \ t' n 


E. ' ','.1 



p.j r.j t\» p-j pj pj pj pj pj pj 


= 169 

AT 

<258,238) 

= 17 1 

AT 

<26 3,246) / 

= 170 

AT 

<263, 258) 

= 170 

AT 

<255,262) 1 

= 167 

AT 

<341,232) / 

= 16? 

AT 

<344, 242) | 

= 178 

AT 

<341, 250) \ 

= 157 

AT 

<379, 362) v 
<375,370) \ 

= 16? 

AT 

= 159 

AT 

<378,354) : 


SPUN AREA 




J. J L '■ ' , , . 

COLOR: 0 T~ 2 3 

GRAY: 622 064 096 128 

PERCENT; 01. 04 00. 12 08.30 01.88 


S i : J* “ 1 1 •' ' i 

4 5 6 7 

160 192 224 255 

37. 34 58. £8 00. 96 08. 00 


BREN DISPLV 

SR0N DISPLV 

re UN DISPLV 
BPl 

$ R U H DISPLY 
BP 2 

8R8N DIGIT 
8 R BNP ODDER 

8 RON DISPLV 
SRBN NEGATE 
8 RUN DISPLV 
RRBNPBDDER 

$ R U H DISPLV 

BPS. .: 


ttRtIN DISPLV 
iRSN DISPLV 
?RBN DISPLV 

8R9N DIGIT 

5EB CUD! 

• R&N DISPLV 

BR0N DISPLV 

•RUN DISPLV 

•RUN DISPLV 
8P0 

£ 


j '' * ' • C {, i * • iA ^ t" K 

/I ! r i 'Si. 1 *• 7 . r ' i 

■ f' ■ . hi ' • 

/,. L 1 ' ’ !■ )V. . 


.If l fl i '■ r., / A. ‘ij t > . , / ' 1 

I • - « ' / ' ! ' . 


’ ‘ : ■ 


’ . ^ ' f ' • fL- 

n V)> , , : / . : 


REPRODUCIBILITY OF THE 

ERUH MARKER ORIGINAL PAGE IS POOR 

*: if: *: ifr f: +: jf: if; jf: jf: jf; ifj jfc * 

•RUN MARKER 

• RUN DIGIT 
ffPB 

f RUM HIS TOR 


- '/ 

W'vitv r.< ’ / 


SCAN - 

2=029 AT C 2 4 8 1 330) 

2 = 885 AT (258,330) 

2 = 084 AT (264, 326) 
Z—0B2 AT (268,326) \ 
2=880 AT (223, 328) 


Pi - : , 

/ f '<U' 


/) • ■(. c- ; v / - 


I u 


*RUN RREA 

§bO“^Qv AyAv\ - A/C &*/Q 0£ lAJ lLltq* 

PejtB/j ' Mm 

COLOR: 0 1 ~ 2 ~ 3 4 5 6 7 

GRRV : 032 064 096 128 160 192 224 255 

PERCENT: 03.86 09.76 37.84 34.52 13.24 00.70 00.00 00.00 

SPUN MARKER 

$RUN HTSTOR 

5CRN 

. 1 



2 = 024 AT ( 213 , 328 )~' > j fitAyfa A^vr-^ r-'^V^ £ J Pi 
Z = 014 AT ( 225 , 326 ) 1 

2 = 024 AT ( 238 , 322 ) \ T^a 4 . 

Z =829 AT ( 246 , 322 ) l 

Z = 820 AT ( 254 , 322 ) J W.^ 7 '^ A^/Y-r (i 


£RUN ARER 

(jfco " 7‘OC avya “ 4)c(i !!•*- irr C. V' • W iL.-t- (.(/V pi- 

Pi~iiC.gr \ ’ 

COLOR: 8 1 2 3 4 5 6 7 

G'RA V : 032 064 096 128 160 192 224 255 

PERCENT: 52.50 25.60 18.46 02.36 00.66 00.34 00.00 00.00 

f RUN MARKER 
$RUM HIST0R 


SCAN 

2 = 097 RT (225,338) 
2=101 RT (239, 332) 
2=104 AT (259, 326) 
2=096 AT (274, 328) 
2 = 106 RT (287,324) 


PuAyfh AOary^ A-^rUH &)£>£ Qiy 

Ti P a t V u ~ltu ' SY'Sfr, tir'Xsti 




J 


$UR\RUSRUM RREfl 


1-1 

lO'C •- ij 00 (WvL “ Cr/Jb Uf‘ HJiUs fy'i. kjnjfc 


COLOR: 0 12 3 4 5 6 r 

GRRV : 022 064 096 128 160 192 224 255 

PERCENT: 02.02 01.80 27.08 66. 52 02.46 00.04 00.00 00.00 

SRIIN MARKER 


$RUN HISTOR 
SCAN 


2 = 121 RT (226, 326)"^ 
2 = 128 RT <247,326) 
2=148 RT <264, 224) 

2 = 122 RT <279,324) 
2=121 RT <286,224) 


ft/Vjte At. 4 iv-ifLfi'. 'Li L f r 0^ A •)( {, 
U-frtH'-L. 3'r- -9 VI sittr, li'. L 


$RUN RRER 


COLOR: 

GRRV: 


032 


fljlorjho fas ti . " Atskfti Gr/Ci ;if* WU-. t«K ^'/‘A 


1 

064 


2 

096 


3 

128 


4 

160 


5 

192 


6 

224 


7 

255 


PERCENT: 01.24 00.64 02.94 40.72 53.70 00.70 00.00 00.00 




Q 


i .f\ 

J y<t s J 


Muvro^r 


1-/o 



/Wrt ■' / ; 'i i’ r 
£r M o /Y) jim. Pi*jpsc 


A(f' ?Mrr/n /: ; 

f ;-4'f '■ :■# ' 


/ M n ■ ’. 3 •■ 



fl/C 


>i r/: /cp: 

, £ 6 M f-\, 

RUN HI5T0R 

Of= 

UjiU^W^ ' A 

i r/j /' 17* A/ jd2 

SCfiN 





*RUN RRER 

/Vc* 

w r :« > 

** A/7 

- /'£l t {- / v A ft F A 

COLOR: 0 

GRflV: 822 

i 

064 

2 

096 

2 4 

128 160 

5 6 7 

192 224 255 


PERCENT: 81.26 80.48 02.26 28.60 65.46 01.76 80.00 00.00 

h $ RUN DIGIT 

! »P0 

*RUN DISPLV 
= HP0 

' $ 


RUN HI5T0R 
' SCfiN 


SRUN RRER 





t 


./) 








GRRV: 632 064 096 128 166 192 224 255 

PERCENT: 01.34 00.78 04.44 58.80 34.32 00.26 00.00 00.00 

* 1 - 1 ! 


RUN HI5T0R 


SCAN 


SRUN AREA 


fa)t ^ 37 P&fc-tp t;l ' 

^1 ^ W • ■ . t.i i I ' *■*»■**• J-"", -I- - “1“ ' ' ■'*” 


COLOR: 81234567 

GRRV: 032 064 096 128 160 192 224 255 

PERCENT: 01. 28 00. 58 02. 52 78. 12 17. 42 00. 00 00. 00 00. 00 


RUN HISTOR 
SCAN 

$RUH RREA 


fa/t u ~ PekM t/r 


COLOR: 
GRRV : 
PERCENT: 

% 


j£T 


0 1 

032 064 

01 . 12 00 . 02 


2 3 

096 128 

00.40 02.00 


4 5 

160 192 

46. 02 50. 34 


6 7 

224 255 

00. 80 00. 00 


APPENDIX D 


"System 800” 

Computer Printouts 
Northeastern U.S. Coastal Waters 


DB0E2002200P~?4 
TIME: -12:20: 16 

t 


ft RUM RDDER 

fty i, 0 j Sc f- f> • i /vC 

P2.P2 Nu } y^jL 

^WirrrsTTv : — ; : 

S^/Lfir &> £ fc£(3/vrwa trr)A(,U Of 

SRBN Dierr Eurl rit/vci S^' </«•;/& < £vf 

0RBN DisPLv HJfrFU"* ' z> Uprtvn iwi- /m 

$RUN DISPLV FPvrrh hJ.Z'Ll 

ftP2 

^ A4 rVi. tr, Iff 2 Y*n '}fj 

eE?000HfiErOS05, 232) 

SRUN HISTOR 
5CRN 

t?Op " 7oo a itrs £/W) Fton 6 2 29 2/1 f /> t 7 ? 

SRUNRRER - J ^ 

COLOR: 0 1 2 2 4 5 6 7 

GRRV : 022 064 096 128 160 192 224 255 

PERCENT: 44.28 11.44 13.14 11.70 11.68 05.68 01.32 00.68 

$RUN MARKER 

8RGN DIGIT 


$RUH DISPLY 
ft P2 


S p i? - !j) o o jJ t y\ {? jt^rA C. % Z ( l *'f ‘r 7 

PtMtrrJr Ajh^ 

2 3 4 5 6 7 

096 128 160 192 224 255 

12.32 22.82 20.50 06.42 03.12 02.82 


i $RUM HISTOR 
ISCRN 
| $RUN RRER 

j COLOR: 0 1 

GRRV: 022 064 

| PERCENT : 20.72 11.18 

Urun digit 
ft Pi 



ORLIN DIGIT 
II P 0 



i, Ml tfir.sG- Z*™*ft*i 


0RUN 

IIPB 

ORUN 

ORSIN 

DISPLY 

Jj£>fS 1-1 Lf'VfJQ 

ifo 

\N 

MARKER 

DIGIT 

2*1 


ffliOmt/VD, zVo 

OR BIN 

DI5PLV 



jLirM ■ b-j'oyAm/ r - 

8RBN 

DIGIT 




OR U N 
HP3 

DIGIT 




ORUN 
ft P 3 

NEGRTE 




$ 





RUN 

SCAN 

HISTOR 

bro-l 00 t-JfT' fafrrJb 

to f-tr t 

f 

2^0 2/ ^ '1 

SUN 

RREfl 

PrfcCSrJt At */? 


ILL CMP ! 
f RUN RREfl 
COLOR: 0 

GRAY: 022 

PERCENT: 51.16 

12 3 4 

064 096 128 160 

09.00 12.48 09.22 08.10 

5 

192 
05. 92 

6 7 

224 255 

03. 28 00. 70 


'■ S fc R U N R D D E R 
#P0 ( P2 

::^RUH PISPLY ORIGINAL PAGE IS 

- #P2 op poor QtrAiiry 

klRUH ftDDER 
; ; r - P0, P2 

:•• 5m. m. • * ft 4( t !»• 





BRUIN DISPLV 
$RUM DISPLV 

Ir P 0 

$ 


RUN MARKER 

8RIUN DIGIT 

BRUIN DISPLV 

BRUIN DIGIT 

$RI SI SUN DISPLV 
BP0 

5RUN DISPLV 
#P1 

$UN S NUSRUN DISPLV 
RP0 

$RUN HI5T0R 5~QO - \? OO /Vrr> fe / ^Cv 

5CflN " Patf-,»r MM 

$RUN AREA * * 

COLOR: 0 12 3 4 5 6 ? 

GRAV: 032 664 096 128 160 192 224 255 

PERCENT: 26. 76 15.52 18. 04 19,10 11.40 03.92 02.92 02 24 

$ 

£MD 


ftRBN DIGIT 



SCAN 

COUNT'S 009079 AT G00 GRRV. 
COUNr= 600195 AT 019 GRRV. 
COUNT= 000214 AT 032 GRRV. 

0> COUNT= 600214 RT 032 GRRV. 
COUNT= 060239 RT 036 GRRV. 
COUNT= 660306 RT 052 GRRV. 
COUNT= 060363 RT 058 GRRV. 
COUNT= 006350 RT 064 GRRV. 
i> C0UNT= 600350 AT 664 GRRV. 
•COUNT= 600481 RT 0?5 GRRV. 
COUNT= 006598 RT 090 GRRV. 
COUNTS 06O635 RT 095 GRRV. 
COUNT= 000666 RT 098 GRRV. 
COUNT= 000? 21 RT 096 GRRV. 

2> COUNT= 000721 AT 696 GRRV. 
COUNTS 001093 AT 124 GRRV. 
COUNTS 000890 AT 12? GRRV. 
COUNT= 001014 RT 129 GRRV. 
C-OUNT= 001420 RT 128 GRRV. 

3 > COUNT= 001420 RT 128 GRRV. 
COUNT= 081049 RT 153 GRRV. 
COUNT= 801091 RT 156 GRRV. 
COUNT= 061409 RT 160 GRRV. 

4 > COUNT= 001409 RT 160 GRRV. 
COUNTS 002579 RT 189 GRRV. 
COUNT= 003056 RT 193 GRRV. 
COUNT= 004113 RT 192 GRRV. 

5> COUNT= 004113 RT 192 GRRV. 
COUNT= 003676 AT 212 GRRV. 
COUNTS 062513 RT 219 GRRV. 
COUNT= B02215 RT 229 GRRV. 
COUNT= 003O06 RT 224 GRRV. 

6 > COUNT= 003006 RT 224 GRRV. 

COUNT= 002604 RT 255 GRRV. 

?> COUNT= 002604 RT 255 GRRV. 


a f £ - wa 

/ 1 L Sf>T lr A ; /97£, Rlfrne M . I 


b*bip‘ it 


£t> 0 - 1/ c 0 A / T ‘ J 3/ 


>? ■' n 

T e m 


$RUH RRER 

COLOR; 0 12345 6 ? 

GRRV; 032 064 096 128 160 192 224 255 

PERCENT: 05. 06 03.28 05. 70 09. ?8 11.74 21.46 32.40 10.46 

$ 


RUN MARKER 
$ R U N DIGIT 
ftPi 


ffRWN DISPLV 





$RUM HI ST OR 


SCAN 

$RUN AREA 

COLOR: 0 1 

6RRV: 032 064 

PERCENT: 13. 10 02. 50 

8RBIHPBOVE 



4oQ-7^Q A IjY ) FfoftTKL IS J n. 1971 

P&Her/r fif&A 


2 _ 2 4 5 6 7 

096 128 160 192 224 255 

04. 24 12. 40 30. 72 30. 68 04. 08 92. 18 



0RUHP8OVE 

ORSN NEGATE 
ORBWPBDDER 







APPENDIX E 

CHEMICAL OCEANOGRAPHY 
by 


James E. Alexander 

Senior Research Scientist in Chemical Oceanography 
New York Ocean Science Laboratory 
Montauk, New York 

Theodore T. White 

Research Assistant in Chemical Oceanography 
New York Ocean Science Laboratory 
Montauk, New York 


HI CHEMICAL OCEANOGRAPHY 


Contents 

Page 

Introduction 37 

Methods 37 - 33 

Results and Discussion 38 -40 

A. Block Island Sound 38-40 

B. New York Bight 40 

Summary 41 

Tables 42-51 

Figures 52-68 


INTRODUCTION 

In the fall of 1972, a study of the biological, chemical, and physical oceanography of Block 
Island Sound as a whole was initiated. Prior to this time, observations of these same 
features in the waters entering the Sound from the west had been made. Particular 
emphasis had been placed on four stations lying on a transect established between 
Montauk Point, Long Island, New York, and Watch Hill, Rhode Island. 

The aim of this present investigation was to determine the relationship between ERTS-1 
imagery and the characteristics of the surface waters in this area. In a previous study 
(Alexander et &! 1973), it was noted that in coastal oceanography the sampling program 
should be designed around the fact that this zone is highly dynamic, and particular 
attention must be paid to both tidal and nontidal forces in program design. 


METHODS 

At each station, the locations of which have been previously described, samples were 
collected from selected depths with 5-fi, Niskin bottles. Once on board, samples for the 
measurement of salinity, oxygen, and phytoplankton analyses were removed. The 
remainder of the sample was then filtered through Whatman GF/C filters in an all gin arc 
filtrations system. The filter pads were then placed in individual vials and frozen for later 
analysis of chlorophyll and particulate phosphorus. Samples of the filtrate were removed 
for the measurement of reactive and total soluble phosphorus, nitrite and nitrate nitrogen, 
and silica. 

Salinity was determined with a conductivity system (Beckman RS7-B) and oxygen was 
determined by the method described by Carpenter (1966). Reactive, total soluble and 
particulate phosphorus, silica, and chlorophyll were determined according to the methods 
described fay Strickland and Parsons (1968). Nitrite and nitrate nitrogen were determined 
by the method described by Wood et al (1967). 

On 12 May 1973, through the cooperation of the local power squadrons and other private 


yachts, a synoptic sampling of the surface waters was conducted. Salinity and suspended 
solids samples were collected at 0900, 1200, and 1500 hours. The method described by 
Strickland and Parsons (1968) was used for these analyses. 


RESULTS AND DISCUSSION 


A. Block Island Sound 

The seasonal distribution of oxygen along the H transect is depicted in Figure IU-la-c. 
No significant differences were apparent between the four stations at the surface. Similar 
concentrations were found along the HB and BR transect. As anticipated, the observed 
surface oxygen concentrations, which ranged from approximately 4.5 ml/fi, in September 
to 8.5 ml/ 2, in March, were inversely correlated with surface temperatures (r = -0.863). On 
an annual basis, the surface waters of Block Island Sound had a predicted oxygen con- 
centration of 0 2 = -0.18 (t°C) + 8.15. The overall correlation of oxygen with chlorophyll a 
in these surface waters was not significant (r = -0.167). 

The observed changes in reactive and soluble organic (total soluble-reactive) phosphorus, 
nitrite, nitrate, and silicate for the various transects are tabulated in Table III-l, III-2, and 
III-3. 


The nutrients (phosphates, nitrates, and silicates) showed the seasonal variations typical of 
temperate waters. Indications are that the supply of nitrogen to these waters is limited 
and that, under the appropriate conditions, the nutrients are utilized by the phytoplankton 
rather quickly. Although relatively large seasonal changes in concentration were noted, 
the correlations between these parameters and chlorophyll a were not considered significant. 

Particulate phosphorus and chlorophyll a (Figure Ill-la, b, c and III-2a, b, c) showed a 
strong correlation (r = 0.815). The equation of the fine depicting the relationship wag 
P-P0 4 = 0.58 chi. a + 0.85. Particulate phosphorus generally ranged between 0.5 and 
3.5 yg-at/2,. The maximum concentration (6.36 yg/ £) was noted at Station HI in March. 
Subsurface concentrations (30 m depth) generally paralleled those found at the surface. 


In early October, what appeared to be the remnants of an autumn bloom were found at 
those stations occupied along the H transect. Little evidence of such conditions was found 
for the other transects. Chlorophyll a concentrations generally remained low (0.5-1.0 
mg/m 3 ) through the remainder of the fall and winter. A spring flowering of relatively 
short duration was present in March. Peak chlorophyll a concentrations of 9.4 mg/m 3 
were present at Station HI. The amount of clilorophyll a present in the surface waters 
of this transect gradually dec. ased from the high value noted at Station 7 to 2.1 mg/m 3 
at Station 4. No evidence of a spring outburst of similar magnitude was found in the 
waters of the other transects. The reasons for this may be that the frequency of sampling 
was such that the bloom was missed along the other transects, or the data reduction 
techniques affected the graphical presentation. In respect to the latter, the range of 
chlorophyll a at BR1 was 1.69-3.39; at BR2 a range of 2.01-2.60 mg/m 3 , and at BR3 
a range of 0.85-3.04 mg/m 3 . Along the HB transect, inclement weather prevented our 
sampling from 14 February until 25 April, and undoubtedly the spring bloom was missed. 

This study was designed to determine the relationship between ERTS-i imagery and the 
characteristics of surface waters in this area. It was also necessary to determine how 
representative any of these data were for that day, since in the present ERTS-1 program 
an image of an area represents the conditions for that moment in time only. Our sampling 
program was designed to collect data on the effect of both tidal and nontidal forces upon 
a given parameter and consequently to yield information pertinent to the above. The 
effect of these upon the distribution of particulate phosphorus and chlorophyll a on 10 
October 1972 is shown in Figure ril-B. Satellite time was at approximately 1100 hours, 
. and at that time higher concentrations of both particulate phosphorus and the pigmented 
population were present at Station HI than at the remaining stations. This station also 
showed the greatest range of concentration for both of these parameters. Since this range of 
variation is typical of the variability to be expected for most parameters, it is particularly 
important that additional information be gathered relevant to the variability of all 
parameters in both short- and long-term space and time. 

With respect to the former, we conducted an experiment on 12 May 1973, with the help 
of the local power squadrons and private yachts, to collect synoptic samples for the 
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measurement of suspended material, salinity, and temperature in the surface waters of 
Block Island Sound and adjacent waters. In this preliminary experiment, logistics pre- 
vented the collection of samples for* chlorophyll. The location of each of the sampling 
vessels is shown in Figure IH-4. The sampling times were 0900, 1200, and 1500 hours. 
It should also be noted that, although care was exercised in the storage of the samples, 
certain of those collected early in the day remained in the plastic containers for more 
than 10 hours prior to filtration. 

The synoptic distribution of temperature, salinity, and suspended solvents is shown in 
Figure III-6a, b, c, III-7a, b, c, and III-8a, b, c. For each of the three parameters observed, 
large ranges in values and concentrations were noted. The effect of the tidal forces upon 
the distribution of these parameters was apparent. 

B. New York Big ht 

Only three cruises in the New York Bight were completed (December, January, and May), 
and during each of these any particular site was sampled only once. This places strong 
limits on the interpretation of the data; The observed data for the TR and NYB transects 
are shown in Table HI-4 andIII-5 respectively. 

The concentration of nutrients and chlorophyll was generally higher along the New York 
Harbor -transect than along the TR transect. This was especially apparent in the nitrate 
concentrations. Evidences for seasonal trends were particularly evident in the nitrate and 
silicate data. Table III-6 lists the average data for all of the parameters for both the TR 
and NYB transects in December, January, and May. 

No significant correlation between the nutrients, particulate phosphate, and chlorophyll a 
was found for the TR transect at any time. Along the NYB transect, however, strong 
correlations were found between the concentration of chlorophyll a and soluble organic 
phosphorus. It was also noted that the correlation was strongest in May. For example,, 
the overall correlation of soluble organic phosphorus with chlorophyll a for the NYB 
transect was 0.88. In December and January, the correlations were not significant (r = 0.01 
and 0.12 respectively), while in May the correlation was 0.95. 


SUMMARY 


Observations on the spatial and temporal distribution of particulate phosphate, reactive 
phosphate, and soluble organic phosphate, nitrate nitrogen, silica, and chlorophyll a were 
conducted in both Block Island Sound and the New York Bight from August 1972 to 
June 1973. The frequency of sampling was greatest in the former area. 

Evidence of the presence of the seasonal cycles expected for these temperate waters was 
present. The waters of Block Island Sound and those along the southern shore of Long 
Island were deficient in nitrogen. With the exception of particulate and soluble organic 
phosphorus, no significant correlations were found between any of the measured param- 
eters and chlorophyll a. In Block Island Sound, correlations of 0.815 were found between 
particulate phosphorus and chlorophyll a. No correlation was found for these parameters 
in the New York Bight. In the latter area, a strong correlation (0.88) existed between 
soluble organic phosphorus and chlorophyll a at the entrance to New York Harbor. 
Evidence was also presented indicating that the strength of this correlation fluctuates 
seasonally. 
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1.01 


1.77 0.98 


3.20 2.40 


H3 

H4 

1.14 

1.17 

0.95 

1.03 

0.21 

0.16 

0.38 

0.16 

0.25 

0.16 

0.21 

0.16 

2.22 

2.56 

2.02 

3.69 

3.45 

3.18 

5.28 

2.50 


H2 

H3 

N.A. 

1 00 

N.A. 

N.A. 

N A. \ 

0.21 

NA. 

N.A. 

N.A. 

N.A. 

NA. 

N.A. 

N.A. 

N.A. 

NA. 

N.A. 

N.A. 

11.6 

N.A. 

N.A. 


N.D. = Not Detectable 
N A. = No Data Available 
- = Insufficient Depth 






















































































































































24 Apr 1973 


18 Jun 1973 


H2 

H3 

H4 

1.13 

0.76 

0.63 

0.54 

0.47 

0,50 

J.09 

0.98 

N.D. 

1.91 

7.21 

4.19 

0.04 

0.03 

0.03 

0.05 

0.02 

0.01 

1.39 

1.15 

0.90 

1.09 

0.70 

0.41 

6.86 

6.53 

5.51 

7.91 

6.39 

5.77 























































































TABLE III-2 


Seasonal variations in reactive and soluble organic phosphorus, nitrite and nitrate 
nitrogen, and silica along the “BR” transect 


Date 

5 Sep 1972 

16 Nov 1972 

8 Dec 1972 

21 Mar 1973 

26 Apr 1973 

18 Jun 1973 

Station 

Parameter 

3R1 

BR2 

I 

BRI 

BR2 

BR3 

1 

WM 

BR2 

BR3 

1 

Mil 

BR2 

BR3 

I 

1 

mmiim 

1 

1 


■ 

MM. 



30 

AM 


0.92 

1.16 

1.43 

0.90 

0.92 


0.53 

0.50 

SHI 

0.25 

0.29 

0.30 

0.31 

0.32 

0.47 



m 





- 

0.98 

0.93 

n 

0.42 

0.50 

- 

* 

0.33 

- 



- 

0-P0 4 


0.33 



1.13 

0.77 

0.62 


0.17 


0.72 

0.69 

0.39 

1.16 

US 

2.07 

0.59 

0.44 

0.66 

yg-at/i 


0.21 

0.31 

- 

0.54 

0.45 

- 



- 

Em 

0.60 

- 

- 

m 

- 

0.37 

0.93 

- 

NO a 

Om 

0.02 

iH 

0.06 

0.21 

0.30 

0.35 



0.40 

0.06 

0.04 

NA. 

BW 1 

0.03 

0.01 




Hg-at/.P. 

30m 

0.04 

0.22 


0.19 

0.24 

- 

0.32 

0.23 

- 

0.03 

0.01 

- 

- 


■1 

0.02 


1 

no 3 



0.10 

0.31 

0.87 



3.02 



2.26 

1.00 

0.10 

0.20 

ND. 

0.01 




yg-at/ Z 


0.25 

0.62 


054 



2r!L 


m 

0.98 

035_ 





5SJ 



Si 


2.11 


3.17 

1.35 

■ 

4.83 

1.80 

m 


4.98 

3.62 

2.20 

2.80 

0.20 

0.30 

5.47 



yg-at/g. 


2.00 

3.42 

■: 


m 

- 

sh 

HI Hi 

* 

2.39 

3.23 

1 

□ 

3.41 

- 


7.40 

LJ 


N.D. = Not Detectable 
N.A. = No Data Available 
- = Insufficient Depth 
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TABLE HI-3 


Seasonal variations in reactive and soluble organic phosphorus, nitrite and nitrate 
nitrogen, and silica along the “HB” transect 


29 Aug 1'972 


10 Nov 1972 


6 Dec 1972 


Station 


Parameter 


at/ H 30m 


a t/£ 30m 


at /% 30m 


fj-at/jl 30m 


at/S, 30m 


HB2 

| HB3 

HB4 

HB5 

1.41 

1 1.11 

1.05 

1.00 

- 

ma 

- 

- 

0.17 

0.05 

0.20 

0.13 


0.07 0.06 0.03 0.02 0.03 J 0.22 0.21 0.12 0.20 0.33 0.31 0.39 0.29 \ 0.30 | 0.44 


0.14 - - - - 0.22 - - I - - 0.37 


0.47 I 0.57 1 0.35 1 0.03 0.38 1 1.88 1.41 0.77 0.71 0.65 2.39 3.00 2.42 1.79 j 1.83 


1.53 - - I - - 0.52 - - I - • 1.44 


3,50 3.86 2.60 1.75 1.33 2.98 2.18 1.72 2.03 1.50 4.45 5.70 2.38 | 1.85 1.70 


4.53 - - J - - 1.21 - - - - 0.95 


. - Not Detectable 
. = No Data Available 
- ~ Insufficient Depth 





































































































Station 


Parameter 


at/ -l 30m 


at/ 2 30m 


-at/ 2 30m 


14 Feb 1973 


TABLE ffi-3 (cont’d.) 


25 Apr 1973 


19 Jun 1973 


HB1 HB2 HB3 HB4 HB5 I HB1 HB2 HB3 HB4 HB5 I HB1 HB2 HB3 HB4 HB5 


0.99 1.07 1.03 0.91 0.84 0.60 0.49 0.44 0.41 0.35 0.41 0.47 | 0.32 0.32 0.42 


0.77 - - - - 0.50 


0.40 10.23 0.43 0.38 0.47 1 1.37 3.04 0.62 1.38 0.69 1 0.67 1.72 0.53 0.57 1,02 


0.17 - - I - - 2.02 


.02 

N.A. 

0.03 

N.D. 


.97 

0.57 

0.09 

0.12 


at/2 30m 


8.77 [9.78 [10.10 8.14 7.56 7.72 6.74 7.85 7.14 5.16 4.54 5.08 4.36 3.97 3.82 


6.92 I - I - I - I ■ [6.83 


























































































TABLE HI-4 

Observations on the variation of particulate, reactive and soluble organic phosphorus, 
nitrate nitrogen, silica and chlorophyll a along the TR transect in the New Y ork Bight 


20 Dec 1972 


Station 


Parameter 


2 3 


5 6 


24 Jan 1973 


8 1 2 3 4 5 6 


1.29 0.86 0.93 0.86 0.85 1.39 1.23 1.33 0.73 1.57 1.44 1.62 1.75 1.59 2.41 2.74 


1.87 1.39 1.19 1.12 1.02 1.95 1.53 1.60 1.16 0.76 0.77 0.76 0.81 0.71 0.80 0.90 


1.85 0.14 1.52 0.24 0.62 1.12 1.07 1.33 0.22 0.29 <0.01 0.13 0.14 0.08 0.15 0.05 


5.67 2.65 3.44 5.36 2.58 5.02 4.88 4.64 9.49 5.32 4.82 5.07 5.31 5.87 5.95 7.44 


16.59 22.43 16.78 10.75 6.58 15.02 6.95 02.52 4.37 2.75 3.13 3.90 3.61 3.61 3.42 


ie s/m 3 


2.32 5.46 1.43 0.78 1.04 1.23 0.98 0.99 0.91 5.32 1.91 1.95 1.30 1 91 2.69 3.07 






































































































TABLE IH4 (cont’d.) 


Date 

1 30 May 1973 

Station 

Parameter 

1 

2 

3 

4 

5 

6 

■ 

8 

P-P0 4 

VS-&& 

1.01 



0.20 

0.49 

0.29 

0.11 

0.08 

r-po 4 

jjg-a t/i 

1.12 


0.72 

0.87 

0.87 

1.37 

0.47 

. 

0.42 

O-PO, 

0.44 


1.58 

3.33 

1.31 

0.41 

1.87 

3.09 

N0 3 

1.35 

0.02 

■j 

0.17 

0.07 

0.04 

t . . 

0-05 

0.03 

L - ■ - - 

Si 

yg-at/A 

1.51 

0.51 



<0.10 

<0.10 

<0.10 

<0.10 

Chlo 

mg/ni 3 



1.62 

2.10 

1.30 

0.78 

1.26 

2.72 








f 











































TABLE III-5 


Observations on the variation of particulate, reactive and soluble organic phosphorus, 
nitrate nitrogen, silica, and chlorophyll a along the N YB transect 


20 Dec 1972 


24 Jan 1973 


Station 


Parameter 


0.96 1.85 2.60 1.94 1.50 1.56 1.55 1.24 0.92 3.23 3.55 4.87 3.95 3.83 3.40 3.50 2.63 2.58 


4 

5 

6 

1.94 

1.50 

1.56 

2.60 

1.87 

1.77 

0.30 

0.07 

N.D. 

14.46 

8.98 

7.34 

2.17 

1.69 

0.92 

1.96 

0.78 

i 

0.49 

i 


4.24 12.95 13.20 0.30 0.07 N.D. N.D. 0.10 0.24 0.05 0.39 0.50 0.77 0.30 0.24 0.25 1 0.23 0.10 


4.01 13.24 19.31 14.46 8.98 7.34 11.36 6.10 2.79 6.67 13.36 17.04 10.55 12.76 6.99 9.54 6.38 5.73 


2.95 112,04 I 2.08 2.17 1.69 0.92 5.71 5.91 5.91 5.28 16.50 22.25 12.52 5.93 3.39 6.21 13.80 13 71 


1.63 1.28 1.45 1.96 0.78 0.49 1.40 1.54 0.73 2.26 2.08 2.27 2.97 5.92 7.50 6.71 14.12 11.87 


4 

! 1 

5 

6 

3.95 

3.83 

3.40 

! 

1 

1.84 

1.24 

0.71 

0.77 

0.30 

0.24 

10.55 

12.76 

6.99 

12.52 

5.93 

3.39 

2.97 

; 5.92 

7.50 


N.D. = Not Detectable 
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RHODE ISLAND 



FIGURE III fib 

lit walors (12 May l ( )7H-]200) 


The distribution of temperature in the surface waters of Bluek Island Sound and adpn 











RHODE ISLAND 



FIGURE III-7c 


The distribution of suspended solids (mg/ 4) in the surface waters of Block Island Sound and adjacent waters (12 May 1973-1500) 



APPENDIX F 


PHYTOPLANKTON AND SUSPENDED PARTICLES 


by 

Robert Nuzzi 

Associate Research Scientist in Microbiology (Phytoplankton) 
New York Ocean Science Laboratory 
Montauk, New York 


Ugo P. Perzan 

Technician in Microbiology (Phytoplankton) 
New York Ocean Science Laboratory 
Montauk, New York 


IV PHYTOPLANKTON AND SUSPENDED PARTICLES 


Contents 


Methods 

Sample Collection and Treatment 
Phytoplankton Analysis 
Suspended Particle Analysis 
Calibration of Coulter Counter 

Results and Discussion 

Phytoplankton - New York Bight (N YB) and TR Stations 
Phytoplankton - Block Island Sound Stations 
Particle Counts • New York Bight (NYB) and TR Stations 
Particle Counts - Block Island Sound Stations 
Synoptic Sampling Program 

Summary 

References 

Tables 


Page 

71-73 

71 

71 

71 - 72 

72 - 73 

73 - 77 

73 - 74 

74 - 75 

75 - 76 

76 - 77 

77 

77 - 78 

78 

79-90 


Figures 


91-93 


METHODS 


Sample Collection and Treatment 

Samples for the analysis of phytoplankton and suspended particles were collected from the 
surface at each station in 5-i, Niskin bottles, concurrently with the chemical samples. One 
liter of water was removed from the bottle, immediately concentrated in a continuous 
plankton centrifuge to less than 10 m£, and brought to a final volume of 10 mfi, with 
filtered (0.45y) seawater and neutral buffered formalin (a final concentration of 3%). This 
concentrated sample was returned to the laboratory for microscopic analysis of the 
phytoplankton population. 

An additional 50-m£, aliquot was withdrawn from the Niskin bottle and placed in a 50 -m2, 
glass vial. This sample was refrigerated until return to the laboratory, when it was 
immediately analyzed for suspended particles with a Coulter Counter, Model B (Coulter 
Electronics). 

Phytoplankton Analysis 

Aliquots of the concentrated sample were placed in a nannoplankton-counting chamber 
(Palmer and Maloney 1954) and various types of microscopic counts, depending on 
cell size -and number, were performed utlder 100X and 400X magnification. At least 10 
field counts (a wide field being delineated by the microscopic field and a narrow field by a 
whipple disc placed in one eyepiece) were performed under each magnification, and three 
survey counts (a scan of the entire counting chamber) were performed under 100X 
magnification. The average counts were multiplied by the appropriate factors to yield 
results as cells per liter. 

Suspended Particle Analysis 

Immediately upon return to the laboratory, the refrigerated 50-m A sample was analyzed for 
suspended particles with a Coulter Counter Model B. Two aperture tubes (30y and lOOy) 
were employed so that particles between 0.16y 3 and 635y 3 (equivalent diameter of 


0.68y to 10.67y) could be counted. Particles between 1 and lOy equivalent diameter 
were counted at 1-micron intervals. Particles above 10.67y equivalent diameter were 
also counted for most of the samples (Table IV- 1). 

Calibration of Coulter Counter 

The calibration procedure followed was that of Sheldon and Parsons (1967). The 30y 
aperture was calibrated with latex particles (1.947y) ana the lOOy aperture with paper 
mulberry pollen (12-13y). The matching switch was set at 32-H, which ensured linearity 
between electrical pulses and particle volume at the aperture current switch setting of 
1/2 that was used throughout the study. An amplification setting of 2 was routinely 
used for sample analysis. The number of particles counted in each sample was always 
low enough so that coincident passages could be ignored. 

Since the samples could not be analyzed immediately after collection, the need for a 
method of holding the samples without changing the number of particles (or the particle 
sizes) within it had to be developed. Most chemical fixatives, while insuring the absence 
of biological replication, pose the problems of precipitation and flocculation. Therefore, 
refrigeration (4° C) was used to hold the samples until they could be returned to the 
laboratory for analysis. The percent of variation in counts after 24 hours (Table IV-2) 
was low enough that this method proved feasible. All samples were analyzed within 24 
hours of collection, and generally within 12 hours. 

Twenty mil disposable sample containers (Accuvettes, Coulter Electronics) were rinsed three 
times with freshly filtered (0.22y) distilled water, followed by a triple rinse with freshly 
filtered (0.22y) seawater. The same procedure was used to rinse a 24-mm membrane 
filter holder and 500-mil filter flask (Millipore) with a 25y-mesh screen (Nitex HC nylon 
monofilament) used as a filter. The final seawater rinse was added to the sample container 
and background counts for the 30y- aperture were performed for the various threshold 
settings listed in Table IV-1. Background counts for the 30y-aperture were always less 
than 10% of the sample count. These counts were subtracted- from the sample counts to 
yield results in particles per 0,05mil. 


A second disposable sample container was rinsed as above, with the final rinse being used 
for a background count for the lOOy-aperture. These background counts were low 
enough (< 1% of the sample count) to be considered negligible. The volume of sample 
cou nted with the 100y-aperture at each threshold setting was 0.5m 2,. 


RESULTS AND DISCUSSION 
Phytoplankton - New York Bight (NYB^ a > d TR Stations 

The surface populations resident at the NYB stations varied only slightly in quality in 
December and January, with Skeletonema costatum being dominant in all cases but one 
(Table IV-3). This was not the case during the May-June sampling, when S. costatum 
was dominant at only five stations. 

Although the populations at the NYB stations generally resembled each other qualitatively, 
there were large quantitative differences. The mean phytoplankton standing crop, for the 
entire period at Station 5, 6, and 7 was 1,059, 1,328, and 1,225 x 10 3 cells per liter 
respectively, five to six times that at Station 1 and 9, where means of 197 x 10 3 cells per 
liter were recorded. Station 2, 3, 4, and 8 had intermediate values (Table IV-4). 

These differences may be due to the fact that Station 5, 6, and 7 are situated around the 
sewage-disposal site, an organically rich area. Similar results were found by Nuzzi in 1973. 

The most singular feature of the phytoplankton population of the NYB area is its high 
numbers compared to the TR stations. For the same three sampling periods, the phyto- 
plankton found off the southern shore of Long Island (TR transect) had a mean standing 
crop of 130 x 10 3 cells per liter, as compared to an overall mean of 799 x 10 3 cells per 
liter for the NYB stations (Table IV-4). 

Quantitatively, the stations of the TR transect show moderate differences, with Station 
TR7 and TR8 yielding the highest mean counts. These stations are close to die NYB 
area and may be representative of the abundant growth that was observed there. 


Qualitatively, the TE transect demonstrated a diversified phytoplankton composition (Table 
IV-3). S. costatum, the dominant species in the NYB area, showed moderate growth during 
December and January, but was never observed as the dominant species during the May- 
June sampling. 

The composition of the phytoplankton in the NYB area and theTR transect demonstrates 
small variation in the number of taxa identified. A total of 85 taxa were identified in 
December, 66 in January, and 65 in the May-June period, the overwhelming majority 
being diatoms. Most species encountered, however, were subordinate to 9 diatoms 
and 4 flagellates, which accounted for 90% of the total phytoplankton. These 13 species 
were: 5. costatum, Thalassionema nitzschioides, Paralia sulcata, Thalassiosira subtilis, 

Chaetocerus sp., Leptocylindrus danicus, Navicula sp., Aslerionella japonica, Thalassiosiria 
nordenskioldii, Gymnodinium sp., Ceratium tripos, Ceratium lineatum, and Ankistrodesmus 
falcatus (a freshwater chlorophyte found only at Station NYB 2, 3, 5, and 7, and apparently 
originating in the Hudson River). 

The pulses of S. costatum, A. japonica, Gymnodinium sp., and C. lineatum coincided to 
produce the May-June maxima in the NYB area. Despite this succession, it was almost 
entirely the variation in numbers of the overall most dominant species, S. costatum, 
that determined the pattern of abundance of the total population. S. costatum was 
present during all sampling periods— December, January, and May-June— and comprised 
52%, 82%, and 44% of the total population respectively. The species composition for 
the waters off the southern shore of Long Island (TR transect) is somewhat different; 
here an active succession^ pattern can be seen (Table IV-3 and Figure IV-1). 

Phytoplankton - Block Island Sound Stations 

A total of 16 cruises were conducted during the period of October 1972 to June 1973. 
Although the transects were sometimes sampled on different days, they were all sampled 
during the months of November, December, February, March, April, and June, with the 
following exceptions: (1) the BR transect was not sampled in February; (2) the H-transect 
was additionally sampled in October; (3) a special synoptic sampling program, which 
will be discussed separately, took place in May. 


Mean monthly phytoplankton counts for the three transects, HB, H, and BR (Table IV *5) 
show maxima occurring during the following months: March for the HB transect (645 x 
10 3 cells per liter); October, March, and June for the H transect (1,230, 865, 645 x 10 3 
cells per liter respectively), and June for the BR transect (497 x 10 3 cells per liter). 

The mean phytoplankton standing crop for the entire period in Block Island Sound 
totaled 451 x 10 3 cells per liter for the H transect, over twice that recorded for the HB 
and BR transects, where means of 169 and 123 x 10 3 cfells per liter respectively were 
recorded. The stations closest to Montauk Point generally exhibited the largest phytoplank- 
ton standing crop. Station HB1 and HB2 constituted 80% to 50% of the mean monthly 
count for the HB transect except for April and June, when they made up only 24% and 
7% of the count respectively. Similarly, Station HI composed 90% to 46% of the mean 
monthly count for the H transect except for April and June, when it constituted 18% 
and 15% respectively. 

As in the New York Bight, S. costatum is quite abundant in Block Island Sound, where 
it comprised 60% of the H and HB transect population, excluding the months of April 
and June. 

A total of 85 taxa were recorded during this investigation, the majority being diatoms. 
Transect H and HB were most similar in species composition, with 85 and 70 taxa identi- 
fied respectively. A total of 20% of the taxa attained a frequency of >50% in the H 
transect and 23% of the taxa attained a frequency of >50% in the HB transect. A 
total of 59 taxa v .e identified in the BR transect, with 37% of these attaining a fre- 
quency of >50%. If only the dominant species (those accounting for 10% or more 
of any sample) are considered, the significant regional contrasts are: TV deeipiens, oc- 
curring more frequently as a dominant in the BR transect, and S. costatum and 
T. nitzschioides in the H and HB transects. One exception was noticeable in the June 
sampling, when Cerataulina bergonii became the dominant species at ail three transects. 

Particle Counts - New York Bight (NYB) and TB Stations 

The particle counts at the NYB and TR stations are given in Table IV-6. As with the 


phytoplankton counts, the particle counts were higher in the NYB area. The average 
for the NYB stations was 667 x 10 6 particles per liter (total count) and 837 x 10 3 
particles per liter (particles >10.7y equivalent diameter), as opposed to 242 x 10 s and 
422 x 10 3 particles per liter for the TR stations. 

Station NYB3 showed the highest total particle counts (1,567, 1,621, and 2,677 x 10 6 
particles per liter for December, January, and May respectively) probably due to material 
being carried into the area by the Hudson River. 

The increase in particles at all NYB stations, from December to May, might be due at least 
in part to increased biotic populations. A comparison of Table IV -5 and IV -6 indicates 
ofii/ a slight increase in both phytoplankton population and particle count during this 
time period at the TR stations as compared to the NYB stations. The correlation of 
coefficient (r) for phytoplankton cell counts vs particles >10.7y equivalent diameter for 
49 paired sets of values for the N YB and TR stations was 0.586, indicating that other 
factors besides phytoplankton are contributing to the particle counts. 

Figure IV-2 compares phytoplankton cell counts with counts of particles >10.7y diameter 
for the TR and NYB stations for all sampling periods. 


Particle Counts - Block Island Sound Stations 

Table IV -7 gives the results of the particle counts of the Block Island Sound stations. 
While there is only a slight variation in the total particle counts, the number of particles 
greater than 10.7y equivalent diameter varied significantly from station to station. The 
highest counts of particles >10.7y were found at Station HI and HB1 (stations closest to 
Montauk Point), these counts corresponding to an increased phytoplankton population 
(Table IV-4). The counts at the BR stations varied only slightly. 

Tire coefficient of correlation for phytoplankton cell counts and particles >10.7y equiv- 
alent diameter for 101 sets of paired data in Block Island Sound was 0.858, with the 
correlation being highest during periods of high phytoplankton populations and lowest 
during periods when few cells were present. Table IV-8 contrasts the phytoplankton counts 
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and the counts of particles >10.7y diameter for each transect in the Block Island Sound 
area for each sampling date. 

Synoptic Sampling Program 

On 12 May 1973, the surface waters of 29 stations were sampled synoptically by the New 
York Ocean Science Laboratory with the aid of the East Hampton and Peconic Bay power 
squadrons. Each station was sampled at 0900, 1200, and 1500 EDST (the times corre- 
sponding to maximum ebb current, slack, and approximately one hour before maximum 
flood current relative to the Race). Figure I V-3 presents the surface contours of Thalas- 
sionema nitzschioides, the dominant phytoplankter present during this sampling period. 

The largest population occurred in the Peconic Bay-Gardiners Bay region, with a smaller 
population found in northern Long Island and Block Island Sound waters. These popula- 
tions were separated by the sparsely populated waters apparently originating in central 
and southern Long Island Sound, passing through central Block Island Sound, and meeting 
the waters of the Atlantic Ocean between Montauk Point and Block Island. This type 
of circulation of the surface waters was shown previously by Nuzzi (1973) and Austin 
(1973). 


SUMMARY 


The high correlation between phytoplankton and suspended particles >10.7y equivalent 
diameter in Block Island Sound (0.858) indicates that the phytoplankton may contribute 
largely to the suspended material in this region. In contrast, the lower correlation 
between these parameters in the New York Bight (0.586) indicates that other factors are 
adding to the suspended load in this area. Suspended materials are being brought into the 
area by the Hudson River outflow, as evidenced by the high total particle counts and 
lowered salinity values (see Section II) at Station NYB3. 

The phytoplankton population was highest at the NYB and Block Island Sound stations, 


with the TR stations having the lowest number of cells. There are indications that the 
organic enrichment caused by the disposal of sewage sludge in the New York Bight may 
piay a role in maintaining the relatively high phytoplankton population in this region. 

In Block Island Sound, the stations around Montauk Point generally exhibited the largest 
phytoplankton populations, these populations probably originating in the waters of the 
Pceonic Bay-Gardiners Bay system. 

Block Island Sound can be divided into three regions: (1) Northern Block Island Sound, 
influenced by the coastal waters of Connecticut, Rhode Island, and the Cape Cod region; 
(2) Southern Block Island Sound, influenced by the waters of the Peconic Bay-Gardiners 
Bay system; and (3) Central Block Island Sound, influenced by the waters of Long Island 
to the west and the Atlantic Ocean to the east. 
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TABLE IV-1 

Aperture tubes and threshold settings used for suspended particle 
analysis by Coulter Counter Model B 


Aperture Threshol d Settings 
Lower 


3.25 


26 


2.3 


5.3 


10.3 


17.8 


28.3 


42.3 


Volume (y 3 ) ] 

0.16 

- 0.52 i 

0.52 

-4.18 

4.18 

- 14.14 

14.25 

-33.51 

33.51 

- 65.45 

65.45 

- 113.03 

113.03 

- 179.58 

179.58 

-267.97 

267.97 

-381.70 

381.70 

-523.63 

523.63 

-635 

>635 


Equivalent Diameter (y) 


0 . 68-1 


-2 


2-3 


3-4 


4-5 


5-6 


7-8 


8-9 


9-10 


10-10.67 


>10.67 


TABLE IV-2 

Variation in counts (Coulter Counter) after refrigeration for various periods of time. 
Numbers indicate the percentage difference from the sample 
analyzed immediately after collection. 


Particle Diameter (y) 


0 . 68-1 


1-2 


7-8 


8-9 


9-10 


10- 10.67 


1 day 


-5.9 


-4.0 


-3.6 


-3. 


- 1.8 


- 1.8 


+8.9 


+ 21.0 


+13.4 


0 


Refrigerated for 


3 days 


+20.7 


+15.9 


+31.0 


+19.0 


+25.8 


+ 21.6 


+15.7 


+28.4 


+8.9 


-5. 













































































x.m vnO 3005 m 


i ' 

!. 


DEC 

K7235 


JAN 

K7302 


MAY-JUNE 
K 7327 


5 . 

dec 

K7235 


JAN 
K 7302 


MAY-JUNE 
K 7 327 




TABLE IV -3 

Species occurrence and succession. The dominant species for each station and date is in large 
type. The sub dominant species are in smaller type and are preceeded by an arrow. Codominant 

species are indicated by equal type size and are not separated by an arrow. 


TR 1 

TR 2 

TR 3 

TR 4 

TR 5 

TR 6 

TR 7 

TR 8 

S.costatum 

T. nitzschioides 

P. sulcata 

P. sulcata 

T. nitzschioides 

P, sulcata 

P. sulcata 

S. costatum 

{ h 

1 

* ■; 

1 


\ 


\ 

P. sulcata 

S.COSfO/imT 


Ncfojfonum 

N. closterium 

S.costatum 

S. costatum 

T .nifzschioidgs 


i 

1 

i 

1 

\ 

1 

l 

T, dwcipians 

7\dBciptona 

T* dccipiens 

Tniteschio/des 

P.sidcafo 

N.closterium 

T.JuMffe 

P.sutcata 

S.costatum 

T, nitzschioides 

S.costatum 

Af.dosfer/um 

T nitzschioides 

S.costatum 

S.cosfafom 

S.costatum 


f 

i 

1 

1 

i 

1 



N.Closteriim) 

T nitzschioides 

T nitzschioides 

A t. closterium 

N.ctosterium 

P. iu.'ca/a 

T.nitzuchiaido* 


t 

* 

i 

1 

f 

i 

1 


P+suIcata 

N.closterium 

S.cosfd/urti 

P. sulcata 

F.st/fcafo 

r iudff/is 

N.closl&iam 

T.niizschioide s 

L. danicus 

Chaetoceros sp 

Gymnodmium sp 

L danicus 

L danicus 

C/joetoceros 

sp . Gymnodinium sp. 

f 

i 

t 

i 

* 



\ 

S.cosfofum 

S.costatum 

i. danicus 

L danicus 

Gymnadiruum sp 

Chaetoceros 

Gymnadintum sp 

■ C fnpos 


+ 

i 

i 

i 

F 

\ 

1 

N dostenum 

N, clostertum 

N clostertum 

Chaetoceros sp 

CAaef oteros sp 

Gymnodjnwro sp 

L . danicus 

Chaetoceros sp. 


NYB 1 

NYB 2 

NYB 3 

NYB 4 

NYB 5 

NYB 6 

NYB 7 

NYB 8 

NYB 9 



P sulcata 

S. costatum 

S. costatum 

S. costatum 

S. costatum 

S. costatum 

S. costatum 

5. costatum 

S. costatum 



V ; 

i 

i 

1 

l 

1 



1 



T prfjfscftfotdffS 

P su/cafa 

T dectpiens 

r subutis 

P sulcal o 

T ntfzschtotdes 

T subtihs 

r st/pp/is 

N c/osfffrwm 



I 

i 

r 

* 

■ i 

i 

t 


t 



t dectpiens 

X dec/p/pps 

/Vdwcu/d Sp. 

T dectpiens 

T ntlzschicidts 

P sufeofa 

P suicafo 

P tu/cafo 

r nitzscNoIdjs 



S. costatum 

S. cosfoto/n 

S costatum 

S costatum 

S costatum 

S costatum 

S. costatum 

S costatum 

S. costatum 



f 

V i ' 

1 



\ 

i 

1 

I 



T nttzscbioidss 

r suuiiis 

T subtit is 

T. tublilis 

T nardenskiotdit 

T. nordenskioldii 

T nortknskiofdti 

T nordortskiotdii 

N. closterium 



i 

i 

1 

1 

i 

i 

i 


i 



T subtit is 

T nitzschioides 

T nord&nshiotdii 

T dfA*5C/W£>/dj5 

T sobtitis 

r 3u£»r///s 

W. ctosferium 

r fuPWtj 

T nitzscbiotdsa 


— - 

A japonica 

S. costafum 

S costatum 

S. eosrarum 

S costatum 

Gymnodinium 

S costatum 

C Lineatum 

C. Lineatum 



\ 

♦ 

\ 

t 

♦ 

sp 

J 

i 

f 




C ttnoatum 

A Japon/co 

A. fatcatus 

4. japomco 

A japonica 

A yopoiVco 

4 japonica 

S cottofum 

A Japonica 



- 

t 

f 

1 

i 

1 

1 

1 

* 

03 


Gymnodinium sp 

4 fcr/cofjs 

4. japonica 

Gy/nnad/jr/u/n sp 

A fatcatvs 

C *n#atoro 

4 AoAcaftiS 

4 /QpQrttoO 

Gymfio&nwm sp 

O 

— - — - 





Phytoplankton cell cc 


Station 

19 - 20 Dec 1972 

TR 1 

77,802 

2 

60,815 

3 

50,885 

4 

46,419 

5 : 

73,669 

6 

34,617 

7 

30,217 

8 

31,417 

Av., all stations 

50,730 

NYB 1 

55,134 

2 

100,602 

3 

67,916 

4 ' 

46,017 

5 

42,571 

6 

35,684 

: 7 

24,451 

8 

38,184 

9 

52,350 

Ay., all stations 

51,434 





















TABLE IV-5 

Phytoplankton cell counts. Block island Sound stations (cells per liter) 


Stations 

10 Oct 72 

HI 

4,410,497 

H2 

225,866 

H3 

119,951 

H4 

164,731 

Av., all stations 

1,230,261 

Stations 

16 Nov 72 

BR1 

13,800 

BR2 

20,199 

BR3 

21,750 

Av., all stations 

18,583 

Stations 

10 Nov 72 

HBl 

152,766 

HB2 

79,851 

HB3 

10,149 

HB4 

40,349 

HB5 

32,350 

Av., all stations 

63,093 


14 Nov 72 


59,748 

85,518 

1.199 


8 Dec 72 


43,466 

18,613 

49,750 

37,269 


6 Dec 72 


177,349 

21,033 

25,934 

16,851 

26,332 

41,499 


4 Dec 72 


80,781 

48,633 

20,749 

24,866 

43,757 


44,565 

45,030 

71.797 

53.797 


14 Feb 73 


456,949 * 
76,612 * 
35,601 
63,414 
43,075 * 
135,130 


13 Feb 73 


41,923 
59,968 
38,811 * 


80,630 * 
40,229* 
58,772 * 
59,877 


20 Mar 73 


1,728,919 

835,020 


20 Mar 73 


2,185,331 

873,848 

264,942 

136,860 

865,245 


24 Apr 73 


24 Apr 73 


26 Apr 73 


79,395 

169,562 

130,160 

126,372 


381,462 

182,254 

1,181,625 

835,729 

645,267 


18 Jun 73 


556,942 

859,368 

73,556 

496,622 


verage, ell dates 


1,181,372 

211,814 


verage, all dates 


121,451 

180,025 

66,594 

122,690 


Average of more than one sample. 












































TABLE IV -6 

Particle counts TR transect and NYB stations (particles per liter) 



19(TR), 20(NYB) Dec 

25(NYB), 26(TR) Jan 

3Q(TR), 31(NYB) May 

1 June 




Total 

Particles 

Total 

Particles 

Total 

Particles 

Total 

Particles 



Station 

Particles 

>10.7y 

Particles 

. >10.7y 

Particles 

> 10.7y 

Particles 

>10.7y 

Average 


(x 10 6 ) 

(xlO 3 ) 

(x 10 6 ) 

(x 10 3 ) 

(x 10 6 ) 

(xlO 3 ) 

(x 10 6 ) 

(x 10 3 ) 



TR 1 

546 

1044 

143 

146 

228 

374 

205 

414 

281 

495 

2 

132 

400 

277 

292 

152 

526 

208 

510 

192 

432 

3 

264 

532 

207 

202 

204 

608 

174 

488 

212 

458 

4 

203 

344 

213 

146 

254 

- 

231 

380 

225 

290 

5 

211 

383 

265 

136 

132 

518 

153 

432 

190 

367 

6 

485 

470 

146 

362 

80 

494 

365 

742 

269 

517 

7 

337 

314 

219 

378 

264 

386 

238 

292 

265 

343 

8 

390 

332 

229 

464 

363 

498 

219 

422 

300 

429 

Av*, all stations 

321 

477 

212 

265 

210 

486 

224 

460 

242 

422 


NYB I 
2 

3 

4 

5 

6 

7 

8 
Q 


v., all stations 


578 

1628 

2328 

1892 

1180 

1402 

1586 

1690 

896 


1464 

















































TABLE IV-7 

Particle counts (particles per liter) for Block Island Sound stations ( Transects H, HB, BR) 


Average 


HB 1 
2 
3 
1 4 
5 


Average 


BR 1 
2 
3 


Average 


10 Nov 1972 


Particles 


Station I Particles 


Particles 


14 Nov 1972 


Particles 
vIOp 
(x 10 3 ) 


1098 * 
481 * 
278 * 
253 ** 


16 Nov 1972 


Particles 


4 Dec 1972 


Particles 


0 s 


297 

184 *** 
185*** 


222 


>10|j 

(x 10 3 ) 


Total 
Particles 
(x 10 G ) 


321 * 
320* 
321 * 
371 * 


333 


Particles 


Particles 


6 Dec 1972 


Particles 

>10)j 

(x 10 3 ) 


345 ** 
246 ** 
289 ** 
367 ** 
204 ** 

274 

137 

109 

107 

106 

290 

146 


* Average of 3 samples taken over 3 crossings of transect. 


" "4 ** 

tt tr C If 

































TABLE IV-7 (cont’d.) 


Station I Particles 


HI 

2 

3 

4 


Averase 


Averaee 


BE 1 
2 
3 


Averaee 


8 Dec 1972 


Particles 

>10y 

(xlO 3 ) 


13 Feb 1973 

Total 

Particles 

Particles 

>10y 

(x 10 6 ) 

(x 10 3 ) 

314 * 

1005 

185 *** 

556 

226 + 

481 

198 * 

379 

231 

605 


14 Feb 1973 


203* 

185 

287* 

124 

422** 

197 

304 

162 


Total 
Particles 
(x 10 6 ) 


Particles 
>10 n 
(xlO 3 ) 


( 20 Mar 1973 

Total 

' i 

Particles 

Particles 

>10]a 

(xlO 6 ) 

(xlO 3 ) 

358 

2160 

225 

468 

232 

408 

200 

268 

254 

! 826 

306 

1782 

250 

462 

197 

224 

213 

384 

225 

354 

238 

641 

219 

190 

568 

462 

533 

428 

440 

360 


21 Mar 1973 


Total 
Particles 
(x 10°) 


Particles 

> 10 ]! 

(x 10 3 ) 
















































TABLE IV-7 (cont’d.) 


HI 

2 

3 

4 


Average 


HB 1 
2 

3 

4 

5 


Aver: 


BR 1 
v 2 
3 


24 Aw 1973 1 

Total 

Particles 

(xlO 6 ) 

Particles 
>10p 
(x 10 3 ) 

184 

227 

241 

246 

144 

150 

197 

164 

191 

196 

113 

86 

142 

202 

167 

114 

179 

176 

149 

194 

149 

154 

140 

140 

115 

163 

220 

208 

158 

170 


25 Apr 1973 26 Apr 1973 


Total Particles Total 

Particles >10|J Particles 


172*** 185 
183*** 211 
212 *** 102 
165*** 128 
136*** 109 


>10u 
(x 10 3 ) 


18 Jun 1973 

i Total 
Particles 
(x 10 6 ) 

Particles 
>10u 
(x 10 3 ) 

316 

726 

308 

660 

210 

1254 

246 

375 

270 

753 


214 

144 

251* 

H 

113 

154 

221* 

mm. 

252 

188 

206* 

317 

193 

162 

224* 

645 


19 Jun 1973 


Particles >1Q]J 
(x 10 6 ) (x 10 3 ) 


Average 


205*** 

206*** 

254*** 

205*** 

188*** 


211 
































































TABLE IV-8 

Phytoplankton total cells per liter (x iO 3 ) vs particles >10.7;i 
per liter (x 10 3 ) for each transect and date in Block Island Sound 


Total cells per Correlation for Correlation for 
liter x 10 3 each transect sampling period 

































TABLE IV -8 (cont’d.) 


) I 

88 





Total cells per 

Correlation for 

Correlation for 


Date 

Station 

per liter x 10 3 

liter x 10 3 

each transect 

sampling period 


2/14/73 

(cont’d.) 

HBl-2 

594 

212 





2-2 

428 

75 





3-2 

402 

65 

r = 0.559 

r- 0.577 



4-2 

306 

175 





5-2 

286 

37 





Average 

403 

113 





HBl-3 

658 

772 





2-3 

436 

53 






470 

25 

r = 0.674 





128 

20 






440 

36 






432 

181 




3/20/73 

HI 

2160 

2185 





2 - •■."■• 

468 

874 

r = 0.961 




3 

408 

265 




4 

268 

137 





Average 

826 

865 





BR1 

190 

45 





2 

462 

45 

r= 0.397 

r = 0.939 



3 

428 

72 





Average 

360 

54 





HB1 

1782 

1729 





2 

462 

835 





3 

224 

222 

r - 0.945 




4 - - 

384 

239 





5 

354 

197 





Average 

641 

644 




3/21/73 

BB.i-1 

226 

" 89 





2-1 

276 

63 

r = 0.877 




3-1 

324 

140 





Average 

288 

97 





















Particles>10.7p Total cells per Correlation for Correlation for 

Date Station per liter x 10 3 liter x 10 3 each transect sampling period 

_____ 

(cont’d.) BR1-2 360 123 

2- 2 222 41 r = 0.990 

3- 2 160 23 

Average 247 62 r = 0.159 

BR1-3 314 51 

2- 3 256 26 r = 0.884 

3- 3 358 50 

Average 309 42 

BR1-4 168 60 

2- 4 194 30 r = -0.714 

3- 4 496 22 



Average 

286 

37 


4/24/73 

HI 

227 

10 



2 

246 

7 

r = -0.314 


3 

150 

3 



,4 

164 

35 



Average 

196 

14 



BR1 

140 

31 



. 2 

163 

107 

r = 0.201 


3 

208 

60 



Average 

170 

66 


4/25/73 

HB1-1 

198 

12 



; 2-1 : ; : 

316 

27 

: . r '.' : v ■ 


3-1 

166 

3 

r = -0.496 


4-1 

131 

52 



" .. 5-1 ;■■■■■■ 

101 

69 



Average 

182 

32 



HB1-2 

173 

11 



2-2 

206 

3 

r = 0.519 


3-2 

114 

3 



4-2 

138 

5 



5-2 

104 

' 37 



Average 

147 

12 



r = 0.269 


r = -0.125 




























TABLE IV-8 (cont’d.) 


Total cells per Correlation for Correlation for 
liter x 10 3 each transect sampling period 



Total correlation for all samples and all dates 


r = 0.858 


































Coulter Counter Particles per Liter** Ln 





RHODE ISLAND 



FIGURE IV-3 


Surface contours, Thalassionema nitzschioides (cells per liter x 10 3 ) 
12 May 1973 (A-0900, B-1200, C-1500) 







APPENDIX G 

"System 800 u . ~fechn i ca I Descr i p t Ion 


SPECIFICATIONS 

» 

I 

DISPLAY 

TYPE: 19" Shadow Mask Picture Tube, 670x500 color-dot trios. 
COLOR DISPLAY: Number of Colors - Selectable 1 thru 32. 


Color Assignment - Any one of 32 colors assigned to any picture value. The colors are four shades of 
Yellow, Cyan, Green, Orange, Magenta, Violet, Red, and Blue. Colors are controlled by graphics data 
and keyboard to produce black, white, or monochrome. * 


MONOCHROME DISPLAY: Number of Grey Levels - 32, Monochrome superimposed on color under key- 
board and program control. 

GRAPHICS DISPLAY: Graphics displayed in black or white. Graphics display under program control. 
RESOLUTION: 512x512 raster points stored, 512x489 displayed. ‘ 

GEOMETRIC DISTORTION: Less than 2% overall. 

SIZE: 16x12 (4/3 aspect ratio), 12x12 (1/1 aspect ratio). 

REFRESH RATE: Standard 525-line television interlaced 2:1 , 60 fields/sec., 30 frames/second. 


DISPLAY KEYBOARD: 4x32 pushbuttons for selection of color, black, B/W, and Out. 

COLOR PATCH PLUG: 64 pin plug for change in cojor order. Prewired plugs for normal and reverse 
order supplied. 

CURSOR: Joystick control of cursor position. Activate switch. Maximum interrogation rate 30 times/ 
. second, „■ 

* : ■ . •• ; ■ • • ■ 

MODEL 810 DIGITAL PROCESSOR ' ■ 

CORE STORAGE: 8192 16-bit words. , 

NUMBER OF REGISTERS: 8 • 

INSTRUCTION SET: Over 400 hardware instructions. . 


SPEED: Memory Cycle - 1.2 microseconds. Add/Subtract - 5.2 microseconds. 


PERIPHERAL EQUIPMENT: Teletypewriter ASR 33, Photoelectric Paper Tape Reader {300 chars/ 
second), Model 810-1 Magnetic Tape Unit - 9 track, IBM compatible, 800 bpi, 37% ips, 10%" reels, 

SOFTWARE: Diagnostics, Math Functions, Assemblers, BASIC, Debug. 

POWER AND PHYSICAL 

SYSTEM POWER REQUIREMENTS: 105/125 volts, 60 Hz, 20 amp circuit. 

ENVIRONMENT: +15° to+30°C, 10% to 90% Humidity. 




Off. 







SYSTEM CONTROL 


»* 


V 


The system control accepts a control word from the Processor and supplies a status word to the Processor. 
When the cursor and joystick option is provided, a two-word X-Y address is also supplied to the Processor 
indicating the position of the cursor. • 


Program control of all picture elements ^iiriultaneously by a single 16-bit control word produces an all color 
display, an all grey scale display, graphifeonly, a complemented {negative) grey scale display, and roll up 
or roll down of entire picture. The lat^command provides a rolling raster for display of continuous strip 
pictures. • 


The control word consists of an operation code and a line (Y) address. Only the Buffer to Refresh Store 
transfers require a line address. Specified bits in the operation code determine whether: 


1) elements are displayed as specified by the graphics codes as described above. 

2) all elements are displayed as specified by the graphics codes except oolorelements are displayed 

in grey scale. ■ 

3) all elements are displayed in cdlor (without graphics control). 

4) all elements are displayed in grey scale (without graphics control). 

5) the graphics, black and white elements only are displayed (without picture data), 

6) any of the above are displayed with the picture data complemented. 

These control functions require only one f/O instruction for operation and immediately switch the display 
from color, graphics, to grey scale under program control. Thus, the program may present ten types of 
information display to the operator without reloading the picture store. 


In addition to the above operations, the dperation code includes roll-up and roli-down. These operations 

Immediately move the displayed picture up or down two horizontal lines. Continuous movement of the 

picture may be performed by writing new data at the top or bottom of the picture before each roll com** 

mand. In this way new picture information can continuously replace the old, producing the effect of a 

continuous roll, * 

* 

The status word provides the Processor program with updated information on the display status. An inter- 
rupt is given to the Processor at the completion of each operation that requires more than one Processor 

instruction time to complete, such as a buffer-disc transfer. 

■ \ 

SOFTWARE 

The Model 805 Display is provided with software on punched paper tape for operation with the Model 810 
or customer's Processor. Included with the software package are: 

1) Diagnostics for the Processor, core memory, and display system . 

2) Machine language assembler 

3) Basic compiler ■ . > 

4) Load and Utility routines 

5) Debug Program 

6) Math Functions • ' 

The Processor is supplied With a software library including display diagnostic routines for checking the 
operation of the processor and display unit. User programs may be entered originally, edited, and assembled 
using the teletype keyboard. Programs are stored on paper tape and quickly loaded using the high-speed 
photoelectric tape reader. Operational activities are controlled through the teletypewriter keyboard and the 
Processor front-panel switch register. 



REFRESH STORE AND BUFFER 

The picture and graphics are stored digitally in the Refresh Store. The horizontal lines, each containing 512 
picture elements, are circulated, even tines followed by odd lines, so that they may be continuously read in 
synchronism with the standard interlaced scanning pattern of the color picture display. Successive lines (Y 
addresses) are read every 1/60 second. * . 

The Refresh Store is addressed by line (Y) address from the control word and, at the oroper time, the com* 
plete line of 512 picture elements is transferred to/from the Buffer Store. The Buffer Store then transfers 
to/from die Processor core using a high speed block transfer. 

The Buffer Store may be used for transfer of picture or graphics data as specified by the control word sent 
to the Display Control. 


COLOR GENERATION 

The 5-bit picture codes and 2-bit graphic codes are read continuously from the Refresh Store, The Color 
Generator using special dlgital-to-a.nalog matrix conversion circuits produces red, green, and blue color 
video signals to drive the three electron guns of the Color Picture Tube. Colors are produced by generating 
proper proportions of the red, green, and blue primaries on the screen. The color produced for each picture 
element Is controlled by the 2-bit graphic codes as follows: 

Binary 00: One of the 32 standard colors is assigned according to the 5-bit picture code (color 

picture). 

Binary 01: White is generated regardless of picture code values (white graphics). 

Binary 10: Black is generated regardless of picture code values (black graphics). 

Binary 1 1 : One of 32 shades of grey ranging from black to white are assigned according to the 5- 

bit picture code (B/W picture). . . 

Thus, the graphic code determines the type of display for each element. . ■ 


COLOR KEYBOARD 

' * - 

In addition to the software control of the display the colors are also under control of the Color Keyboard, 
Four interlocking puslvkeys are provided* for each of the 32 colors and control the display of each color as 
follows: ~ 

Normal: Normal Operation, the picture-elements of this value are displayed on the screen as 
determined by the picture and graphics codes, ’ ' 

Black: Every picture-element of this value is now displayed in bjack. 

B/W: Every picture element of this value is displayed in grey scale, 

OUT; Every picture element of this value is displayed in the same mode as next higher order 
value. For example, the OUT key of value 10 displays value 1 1 in place of value 10 so that 10 
and TV are now the same color or grey level. 

The black and B/W keys perform the same functions as the graphic codes on all elements of the same value 
or color and are a great help to the operator for recognizing particular colors and features. 

The OUT keys eliminate colors so that the complexity of the color display may be reduced quickly without 
need for the processor to rewrite the picture data. 


1 ) 

5} 

3) 

A) 


SYSTEM OPERATION 

The block diagram on the opposite page shows the major components of the complete Color Oisplay 
System. The Model 805 Display is shown to the right of the input -output (I/O) bus of the Model 810 

Processor. • 

« 

The high resolution color picture refreshed at standard television rates is constructed from a rectangular 
array of 512x5112 picture elements. Each picture element is specified by a 5-bit picture code and a 2*blt 
graphics code. The 32 picture values and the four graphics values are individually controlled from the 
processor to provide a wide variety of displays. 

Two data paths are shown to the 805: one through the upper interface electronics to the Refresh Store for 
transfer of the picture and graphics codes, and one through.the lower interface electronics to the Display 
Control for transfer of control words, status words, and cursor address. 

The digital-to-analog converters in the Color Generator convert, under control of the Color Keyboard, the 
picture and graphic codas, which are continuously being circulated in the Refresh Store, to red, green, and 
blue video signals for the Color Picture Tube. According to the four possible values of the graphics code, 
the 32 possible values produce, for each picture element, either one of 32 colors, or one of 32 grey shades, 
or black, or white. The picture and graphics codes are separately accessed through the Buffer Store so that 
they may be modified independently. 


DIGITAL PROCESSOR 

The Model 810 Digital Processor and Model 810-1 Magnetic Tape Unit are designed to operate with the 
■Vlodel 805 Display as a stand-alone system for the analysis of picture information. The system can perform 
data editing and formatting, data analysis, and the production of graphics. Data is normally first entered by 
he 810-1 Magnetic Tape Unit. This data may have originally been digitized from a sensor (such as a ther- 
nal, radar, or sonar scanner) pr may have been generated by a large-scale digital computer or the Model 810 
tself. 

'he data on the magnetic tape is read, a block at a time, into the processor core storage, and, if not already 
ormatted in a 512x512x5-bit matrix, is converted to 512x5-bit blocks of horizontal rows of picture 
lements for output to the Display. The data is transferred to the Buffer Store and then to the picture code 
jetton of the Refresh Store. The latter transfer takes place by a software-controlled output to the 80S 
ontrol of a control word which contains the address of the line in the Refresh Store. 

he transfer from the Buffer Store is made to one of the 512 horizontal rows of the Piefresh Store specified 
Y the control word placed in the. Display Control by a programmed transfer. 

ie graphics codes, 2 bits for each picture element, are transferred to the Display ih the same way as the 
cture data. Areas may thus be shown in grey-scaie or color depending on parameters calculated by the . 
ocessor. 





INTERFACE ELECTRONICS 
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A typicat System 800 interactive display system using the Model 805 Color Display combined with the* 
Model 810 Digital Processor is shown on the opposite page. 

r 

COLOR DISPLAY „ 

The large screen color picture display is constantly refreshed at 60 fields per second from the refresh store 
and is constructed from a rectangular array of 512 by 512 picture elements. Each element, under individual 
program control, may be displayed in 32 colors, in a 32 level grey scale, in black, or in white. 

COLOR KEYBOARD - 

The push-button. key board in front of the display provides operator control of the picture elements accord- ; 
mg to their value. Thirty-two columns of keys, one column for each color or grey-scale value, change the 
display of all picture elements of a particular value from color to grey scale or to black. 

In addition, under keyboard control, one or more equal-value sets of elements may be combined to reduce 
the number of colors or grey shades in the display. 

Thus, the Color Keyboard speeds the analysis of displayed data by providing immediate operator control' ' 
over the number of colors and grey-scale contrast. ... 
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DIGITAL PROCESSOR .. ... 

The Processor and Magnetic Tape Units are supplied to meet the needs of specific applications or the Model , 
805 may be supplied alone with the proper interface for the customers processor. 

Operator control is provided through the Teletypewriter keyboard and results and programs are listed on 
-'the teleprinter. Program entry is rapid and convenient using the high-speed Photoelectric Tape Reader. 


REFRESH STORE 

The refresh store contains the 262,144 picture elements and continuously transmits them to the display at 
a peak rate of 10 million per second. At the request of the Processor program, the picture elements are 
transferred directly to or from core storage in blocks of 512 picture elements (one horizontal line). The 
transfers take place over the Processor input-output channel in a similar manner as other input-output 
devices, the magnetic and paper tape readers. 


OPERATING SPEED ...... 

When operated with the System 800 Digital Processor, the entire 805 Display may be changed- in less than 
eight seconds, new picture data may be added at the top or bottom and the picture moved up or down 60 
horizontal lines per second, or the Display may. be changed from a positive to a negative, from color to 
grey scale, or from picture to graphics only, in 1/30 second. The average access time for 512 elements is 
1/60 second. ♦ / 




